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A C K N O W L E D G E M E N T S
Since th is  is a p a p e r  about the c o m m u n a l  n a tu re  o f  th in k in g ,  
i t  is no s u r p r is e  tha t I  jayself a m  con v in ced  th is  th e s is  cam e in to  
being through  m y  a s s o c ia t io n s  w ith  c o l le a g u e s ,  f a m i ly ,  and f r ie n d s .  
M y  w o r ld  v ie w  changed d r a m a t ic a l l y  o v e r  tw o  in te n se  y e a rs  w ith  
the  students and te a c h e rs  in  the "soc. 11 d e p a r tm e n t  a t  the U n i v e r ­
s i ty  o f  N e b ra s k a  (O m a h a ).  I  a m  p a r t ic u la r l y  ind eb ted  to W ayne  
W h e e le r  who s ta r te d  m e  on the th e o r e t ic a l  p e rs p e c t iv e  o f th is  p a p e r  
and encouraged  m e  to b e l ie v e  I  w ou ld  so m ed ay  c o m p le te  the w o r k .  
G e o rg e  B a r g e r  and Bob S im p so n  c r i t iq u e d  m y  s o c ia l  th e o ry  c o m ­
p re h e n s iv e  and r e q u ir e d  m e  to hand in  a s u p p le m e n ta ry  p a p e r  on 
K a r l  M a n n h e im .  T h is  ep isode gave m e  a d e e p e r  g r a s p  o f so c io lo g y  
of k n o w le d g e , and con v in ced  m e  I  could w r i t e  a p a p e r  using M a n n ­
h e im 's  a p p ro a c h  to so c io lo g y .
O th e rs  o f  the in fo r m a l  n e tw o rk  a t  U . N .  O. w ho in flu en c ed  
both m y  outlook on l i f e  and w h a t  w en t into  th is  th e s is  w e r e  M a r k  
R o u sseau , G a le  M i l l e r ,  John N y e ,  N a n  B r i t t  and D a le  G a e d d e rt .  I  
r e m e m b e r  v iv id ly  the long d iscuss io ns  b e tw e e n  P e n n y  and C a r l  
N o rd a h l ,  m y  w i fe  P a t  and m y s e l f .  T h e se  a r e  a p a r t  o f th is  p a p e r .
Those I  m e t  a t  the M .  L  T . S loan School o f  M a n a g e m e n t  w e r e  
h e lp fu l  d u r in g  m y  sho rt  s ta y  th e r e ,  p a r t ic u la r l y  D r .  F o r r e s t e r ,
K e n  B r i t t in g ,  B i l l  B e h re n s  and M ik e  G oodm an . Ron K i r k  w ith  E a s t ­
m a n  K o d a k  gave m e  som e s p e c ia l  ins igh ts  in to  the sy s te m s  d y n a m ic s  
g ro u p  and th e i r  in te r fa c e  w ith  c o rp o ra te  m a n a g e m e n t  peo p le .
A r l in e  W y n e r  d id  the h o rre n d o u s  job of typ ing  tw o c o m p le te  
d ra f ts  of th is  th e s is .  T h is  in c lu d e d  d e c ip h e r in g  m y  h a n d w r i t in g ,  
c o r r e c t in g  m y  a b o m in a b le  sp e ll in g  and p run ing  a t  le a s t  som e of the  
redun dant p h ra s e s .
F in a l l y  I  th a n k  m y  w i f e ,  c h i ld r e n  and the r e s t  o f m y  f a m i ly  
fo r  t h e i r  p a t ien ce  and u n d e rs ta n d in g .  A s  th e y  a l l  kno w , th is  p ap er  
has not com e e a s i ly  to m e ,  and s o m e t im e s  m y  d is p o s it io n  has been  
less  than  c h e e r fu l .
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I N T R O D U C T IO N
Ii i  the s p r in g  of 1972 a g roup  of s c ie n t is ts  f r o m  M a s s a c h u s e tts  
In s t i tu te  o f T ec h n o lo g y  le d  by D enn is  and D o n e l la  M ead o w s  p re s e n te d  
t h e i r  a s s e s s m e n t  o f  the p re s e n t  and fu tu re  s ta te  o f g lo b a l s o c ie ty .  
T h e i r  f in d in g s ,  o r ie n te d  to the g e n e r a l ,  in fo rm e d ,  pub lic  as w e l l  as  
the s c ie n t i f ic  c o m m u n ity ,  w e r e  f i r s t  p u b lish ed  in  the book L im i t s  to  
G r o w t h .
L im i t s  to G ro w th  is unique in  s e v e r a l  w a y s .  F i r s t  L i m i t s  to 
G ro w th  has fo rc e d  an  u n p re c e d e n te d  debate  am ong s c ie n t is ts ,  te c h n o l ­
o g is ts ,  p la n n e rs  and p o l ic y m a k e r s  b y  re a s o n  o f its  m e s s a g e  and its  
m e th o d o lo g y . In  the th re e  y e a r s  s ince p u b lic a t io n  L im i t s  to G ro w th  
has so ld  two m i l l i o n  cop ies w o r ld  w id e .
Second it  is m o r e  than a pub lic  p ro n o u n c e m e n t by a g ro u p  of 
c o n c e rn e d  s c ie n t is ts  about the s ta te  o f the w o r ld  such as B lu e p r in t  
fo r  S u r v iv a l  (1972) is .  L im i t s  to G ro w th  c h a r a c t e r iz e s  i t s e l f  as a 
s u m m a r y  o f f ind ings on the b as is  o f  a s c ie n t i f ic  in v e s t ig a t io n  a id e d  
by c o m p u te r  m o d e l l in g  tech n iq u e s . The study is based  on a s p e c if ic  
t h e o r e t ic a l  s tance , tha t  o f  s y s te m s  d y n a m ic s  th e o ry ,  deve lo ped  
l a r g e ly  by J ay  F o r r e s t e r ,  a p r o fe s s o r  in  S ys tem s M a n a g e m e n t  at  
the M .  I .  T .  S loan School o f M a n a g e m e n t .  The  s y s te m s  d y n a m ic s  
th e o r y  and the M .  I .  T .  sy s te m s  d y n a m ic s  g ro u p  ap p ro a c h  is a lm o s t
2u n iv e r s a l ly  p e r c e iv e d  by the g ro u p  i t s e l f  and its  c r i t i c s  to be an  
in q u i r y  in to  the n a tu re  o f s o c ia l  s y s te m s  using  m e th o d o lo g y  and  
th e o r ie s  o r ig in a t in g  f r o m  the sc ien ces  o f  techno logy; tha t is ,  i t  is 
an e n g in e e r 's  a p p ro a c h  to s o c ia l  s y s te m s .
T h i r d ,  the study p ro je c t  w as  funded and su p p o rted  by a g roup  
of in te rn a t io n a l  in d u s t r ia l  and g o v e rn m e n t  p la n n e rs  in te re s te d  in  the ' 
s o -c a l le d  " p r e d ic a m e n t  of m a n k in d "  and c a l l in g  th e m s e lv e s  the 
"C lub  o f  R o m e " .  T h is  p ro c e d u re  added to i ts  f u r th e r  a u ra  o f s c ie n ­
t i f ic  e n d e a v o r  to the u n d e r ta k in g .  L im i t s  to G ro w th  b e c a m e  a 
m e a s u re d  resp o n se  to a q u e s tio n  posed by a c l ie n t  r a t h e r  than an  
u n s o lic i te d  a s s e r t io n  of a g roup  of s c ie n t is ts .
F o u r th  and m o s t  im p o r ta n t  to the p e rs p e c t iv e  of th is  p a p e r ,  
the w h o le  r e s e a r c h  g ro u p  w h ic h  r e f e r s  to i t s e l f  as the M .  I .  T .  s y s ­
te m s  d y n a m ic s  g ro u p ,  th e i r  m o d e l l in g  te c h n iq u e , and t h e i r  s o c ia l  
s y s te m  th e o ry  a l l  have a d is t in c t  h is t o r y  of d e v e lo p m e n t  w h ich  is 
c lo s e ly  a s s o c ia te d  w ith  the d e v e lo p m e n t  fe e d b a c k  s y s te m s  o r  c y b e r ­
n e t ic  s y s te m s  at M .  I .  T .  s ta r t in g  in  the 1 9 4 0 's .  The  M .  I.  T .  s y s ­
te m s  d y n a m ic s  g roup  is a p r im e  e x a m p le  of w h a t  B e r g e r  and L u c k m a n  
(1966) r e f e r  to  as a "c o n c re te  s o c ia l  g ro u p "  o r  w h a t  H o lz n e r  (1968)  
c a l ls  an  " e p is te m ic  c o m m u n ity " .  Kuhn  (197 0) m o r e  s p e c i f ic a l ly  
r e f e r s  to such a g ro u p  as a " p a r t ic u la r  c o m m u n ity  o f  s p e c ia l is ts " .
A  long h is t o r y  o f g ro u p  d e v e lo p m e n t ,  s o c ia l  co h es io n , and a s h a re d  
t h e o r e t ic a l  s tance s t ro n g ly  suggests th a t  the M .  I .  T .  sys te m s
3d y n a m ic s  g ro u p  can be s tud ied  f r o m  the th e o r e t ic a l  p e rs p e c t iv e s  of  
c o m m u n ity  s tud ies  a n d /o r  a s o c io lo g y  o f  kno w led g e .
Th is  p a p e r 's  a p p ro a c h ,  ana logous to an a n th ro p o lo g is t 's  r e ­
p o r t ,  is o f that s tran g e  t r ib e  o f " M I T ' s "  who in h a b it  the C a m b r id g e  
side o f  the lo w e r  re a c h e s  of the C h a r le s  R iv e r  c i r c a  1970. The  
a n th ro p o lo g is t  is p a r t i c u la r l y  in te re s te d  in t h e i r  b e l ie fs  about s o c ia l  
sys te m s  w h ic h  a r e  an  o u tg ro w th  of th e i r  s k i l ls  and techniques a c ­
q u ire d  in des ign ing  and p ro d u c in g  v a r io u s  a r t i f a c t s  o f  c o m m e r c e  and  
in d u s t ry .
One m ig h t  a t  th is  po in t w a n t  to know so m eth in g  of the b a c k ­
g ro u n d  and c r e d e n t ia ls  o f the " a n th ro p o lo g is t"  th a t  le a d  h im  to m a k e  
th is  s tudy. The t r a d i t io n a l  q u a l i f ic a t io n s  o f a p ro s p e c t iv e  f ie ld  
r e s e a r c h e r  w o u ld  a l lo w  that he know som eth ing  about the " M I T ' s "  
but not too m uch  le s t  he be too im b u ed  w ith  t h e i r  b e l ie fs  h im s e l f .
M y  own q u a l i f ic a t io n s  a r e  b a lance  o f kno w ledge  and ig n o ra n c e .  
I  a t te n d ed  M .  I .  T .  as an  u n d e rg ra d u a te  student in  1943. I  have seen  
N o r b e r t  W ie n e r  w ho of co u rs e  w as  the fa th e r  o f c y b e rn e t ic s ,  w a n d e r ­
ing a b s e n t -m in d e d ly  th rough  the h a l ls  and have h e a r d  anecdotes  o f  
h is  a b s e n t -m in d e d n e s s .  I  d id  not know h im  p e r s o n a l ly .  I  have fo r  
y e a rs  been  a fan  o f h is  p o p u la r  books but u n d e rs to o d  nothing o f the 
b as ic  m a th e m a t ic a l  th e o r y  of feed b ack  s y s te m s .
I  spent a good m a n y  y e a r s  as a c o n s tru c t io n  e n g in e e r  and  
m a n a g e r ,  and fe e l  I  have  e x p e r ie n c e d  som eth ing  o f the p a r t ic u la r
4" m in d  s e t"  w ith  w h ic h  the e n g in e e r  dea ls  w ith  p r o b le m s .  In  a d d i ­
t io n  to studying the w r i t in g s  of the M .  I .  T .  sys te m s  d y n a m ic s  g roup  
and its  p re d e c e s s o rs  such as W ie n e r ,  I  did spend te n  days a t  the 
Sloan  School tak in g  an in t r o d u c to r y  co u rs e  in  s y s te m s  d y n a m ic s  and  
m a n a g e d  to r'ub e lbow s fo r  a s h o rt  t im e  w ith  som e o f  the m e m b e r s  
of the G ro u p ,  in c lu d in g  F o r r e s t e r .
T h e re  is a c e r t a in  h a r d  to de f ine  and e x p la in  m id d le  c lass  
and m id d le  A m e r i c a  q u a l i ty  about N o r b e r t  W ie n e r  and Jay  F o r r e s t e r  
and the e n g in e e r  o r ie n te d  m e m b e r s  o f the M .  I .  T .  g ro u p .  E n g in e e rs  
r a r e l y  com e f r o m  the h ig h e r  s t r a ta  o f s o c ie ty .  T h e y  a r e  e s s e n t ia l ly  
a r t is a n s  that "m ade  good". W ie n e r  w as b o rn  in C o lu m b ia ,  M i s ­
s o u r i ,  and F o r r e s t e r  in  A n s e lm o ,  N e b r a s k a .  W ie n e r 's  fa th e r  
a c h ie v e d  som e a c a d e m ic  a c c la im  as the t r a n s la to r  of T o ls to y  and as 
a H a r v a r d  p r o fe s s o r .  H o w e v e r  he fa r m e d  in  h is  s p a re  t im e ,  and  
young N o r b e r t  t in k e r e d  w ith  e q u ip m e n t,  and h ik e d  and boated  in  a 
r u r a l  s e tt in g .  F o r r e s t e r ' s  p a re n ts  l iv e d  a N e b r a s k a  s a n d h il l  c a t t le  
r a n c h e r 's  l i f e .  Both  W ie n e r  and F o r r e s t e r  r e v e a l  th is  down to e a r th  
"hands on"  a t t i tu d e  in  the im p l ic a t io n s  th ey  d ra w  f r o m  even  th e i r  
m o s t  s o p h is t ic a te d  s o c ia l  th e o r ie s .
F in a l ly  I  have been  a p a r t  o f the s o -c a l le d  " e n v ir o n m e n ta l  
m o v e m e n t"  fo r  the pas t two y e a r s .  M y  sp ec if ic  ro le  w as  tha t of  
c h a i r m a n  o f the S ie r r a  C lub  O z a r k  C h a p te r  U p p e r  M is s is s ip p i  T a s k  
F o r c e ,  w o r k in g  p r i m a r i l y  on the Locks  and D a m  #26 is s u e .  T h e re
5is  a r e v o lu t io n  going on e v e r y  day  in  th is  c o u n try  and in  o th e r  p a r ts  
of the w o r ld .  L im i t s  to G ro w th  is one of a n u m b e r  o f  t h e o r e t ic a l  
e x p re s s io n s  of tha t r e v o lu t io n .  The L o c ks  and D a m  #26 issu e  is  
one s m a l l  seg m en t o f  the s k i r m is h  l in e  on w h ic h  the re v o lu t io n  is  
fought.
Th is  p a p e r  is d iv id e d  in to  f ive  c h a p te rs .  C h a p te r  I  b r i e f l y  
d e s c r ib e s  the L im i t s  to G ro w th  m o d e l  of w o r ld  s o c ie ty  and def ines  
w h a t  F o r r e s t e r  and M ead o w s  m e a n  by the t e r m  "eco n o m ic  g r o w th " .  
One of the m a jo r  p r e m is e s  o f  s o c io lo g y  o f know ledge is then  p r e ­
sen ted . A l l  th e o r ie s  about w o r ld  s y s te m s  a r e  b a s ic a l ly  th e o r ie s  o f  
l e g i t im a t io n  of c e r t a in  v a lu e s .  The h is t o r ic a l  d ia le c t ic  r a is e d  by  
the s y s te m s  d y n a m ic s  g roup  p its  p re s e n t  w o r ld  id e o lo g ie s  b u i l t  as 
th ey  a r e  a ro u n d  the u t i l i t y  and n e c e s s ity  o f  eco n o m ic  g ro w th ,  a g a in s t  
an  e m e r g e n t  va lue  s y s te m  based  on the ju d g m e n t th a t  e c o n o m ic  g ro w th  
m u s t  com e to a h a l t  w i th in  the nex t few decades and the soo ner the  
b e t t e r .
C h a p te r  I I  dea ls  w ith  the th e o r y  and m eth o d o lo g y  o f c o n c re te  
s o c ia l  groups and the w a y  th ey  define  r e a l i t y .  I t  p re s e n ts  a ty p o lo g y  
of the " s t ru c tu re  o f  conscious k n o w le d g e "  adapted  f r o m  T h o m a s  
K u h n 's  T h e  S t ru c tu re  of S c ie n t i f ic  R e v o lu t io n s . T h is  ty p o lo g y  thus  
b ec o m es  the a n a ly t ic a l  too l b y  w h ic h  the d ev e lo p m en t of the M .  I .  T .  
s y s te m s  d y n a m ic s  g roup  can be in te r p r e te d .
C h a p te rs  I I I  and I V  co n s is t  of the a c tu a l  in te r p r e ta t io n  of the
6g ro u p 's  h is t o r ic a l  d e v e lo p m e n t  f i r s t  in  the W ie n e r  e r a  and then in  
the F o r r e s t e r  e r a .
C h a p te r  V  sh ifts  to a ‘second a n a ly t ic a l  too l in  so c io lo g y  of 
know ledge  m e th o d o lo g y ,  tha t  o f the " s t r u c tu r a l  a n a ly s is  o f  ep is  - 
te m o lo g y .  " T h is  a p p ro a c h  develops a w a y  o f  c o m p a r a t iv e ly  i n t e r ­
p re t in g  the b a s ic  p re s u p p o s it io n s  of the L im i t s  to G ro w th , thes is  to 
those o f its  c r i t i c s .  Such an a n a ly s is  lays  b a r e  a n u m b e r  of c o n t r a ­
d ic to r y  ass u m p tio n s  about the n a tu re  of s o c ia l  s y s te m s  and pits  
those w ho b e l ie v e  in  con tinu ing  w o r ld  e co n o m ic  g ro w th  a g a in s t  those  
w ho oppose i t .
A n  ep ilogue  both s u m m a r iz e s  and s p e cu la te s  on the s i g n i f i ­
cance o f the k ind  o f s o c io lo g ic a l  in te r p r e ta t io n  p re s e n te d  in  th is  w o r k  
of the id e o lo g y  o f  g ro w th  and the u top ia  o f  e q u i l ib r iu m .
I t  should be noted , in  pass in g , tha t  M e a d o w s  et a l .  (1974)  
have  p u b lish ed  a second e d it io n  of L im i t s  to G r o w t h , but the changes  
a p p e a r  to be m in o r  and the p ag in a tio n  is the s a m e .  A l l  r e fe r e n c e s  
a r e  to the f i r s t  e d it io n .
C H A P T E R  I
A  S O C IO L O G IC A L  P E R S P E C T I V E  O N  T H E O R IE S  
O F  G R O W T H  A N D  E Q U I L I B R I U M
1. F o c u s  o f T h is  Study
A .  S o c ia l  P ro c e s s  o f  T h e o r y  F o r m a t io n
T h is  study focuses on the ongoing s o c ia l  p ro c e s s e s  of th e o r y  
fo r m a t io n .  I t  is a d e s c r ip t io n  of how in d iv id u a ls  as m e m b e r s  o f a 
c o n c re te  s o c ia l  g ro u p  th in k  about s o c ia l  s y s te m s ,  s h a re  t h e i r  w o r ld  
v ie w s  w i th in  t h e i r  g ro u p ,  e x p la in  t h e i r  ideas  to o th e r s ,  and a t te m p t  
to p roduce  r e a l i t ie s  c o rre s p o n d in g  to these id e a s .  The types o f  
in d iv id u a ls  u n d e r  c o n s id e ra t io n  a r e  " p o l ic y m a k e r s 11 o r  " d e c is io n ­
m a k e r s ,  " and the su b s ta n tiv e  issu e  is tha t  o f  th e o r ie s  about g loba l  
t re n d s  o f w o r ld  g ro w th ,  p a r t i c u la r l y  eco n o m ic  g ro w th .  The study  
d ep ic ts  the p ro c e s s  o f  s o c ia l  change as a c o n s tru c t io n  a r is in g  out o f  
in te r a c t io n  b e tw e e n  s o c ia l  g roups w ith  c o n fl ic t in g  v is io n s  of p as t,  
p rese n t,  and fu tu re  r e a l i t i e s  as th e y  r e la te  to  g lo b a l p ro b le m s  of  
e co n o m ic  and p o p u la t io n  g ro w th  v e rs u s  e q u i l ib r iu m .
B . S o c ia l  T h e o r ie s  o f  the M .  I .  T .  S ys tem s D y n a m ic s  G ro u p  
as C o n tra s te d  to the W o r ld  V ie w  of W o r ld  T e c h n o lo g ic a l  
S o c ie ty
L im i t s  to G ro w th  and the u n d e r ly in g  s o c ia l  s y s te m  th e o r ie s
8of sys te m s  d y n a m ic s  r e p r e s e n t  the g ro u p  th in k ing  of a n u m b e r  of 
s c ie n t is ts  a s s o c ia te d  p r i m a r i l y  w ith  the M a s s a c h u s e tts  In s t i tu te  of 
T e c h n o lo g y , S loan School of M a n a g e m e n t ,  beg inn ing  w ith  Jay
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F o r r e s t e r ,  fo u n d e r  o f s y s te m s  d y n a m ic s  th e o r y  and d e v e lo p e r  of
• the f i r s t  p ro to typ e  w o r ld  sy s te m s  m o d e l  (cf. F o r r e s t e r ,  1961 , 1968,
1969a, 1971). The g roup  a ls o  in c lu d es  D enn is  M e a d o w s ,  d i r e c t o r  of
the C lub  o f  R o m e ^  p r o je c t ;  h is  p r i m a r y  c o l la b o r a to r s  D o n e l la  H .
M e a d o w s ,  J u rg e n  R a n d e rs  and W i l l i a m  H . B e h re n s ,  I I I ;  and o th e r
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p r o je c t  r e s e a r c h e r s .  M o r e  g e n e r a l ly ,  i t  en c o m p asse s  g ra d u a te  
students and o th e rs  o f the fa c u lty  of the M .  I .  T .  S loan  School o f  
M a n a g e m e n t  who have  d ev e lo p ed  v a r io u s  s y s te m s  d y n a m ic s  m o d e ls .  
L a s t ly ,  the g ro u p  inc ludes  the p r e d e c e s s o rs  o f these  c o n te m p o ra r ie s  
such as N o r b e r t  W ie n e r  and the d e v e lo p e rs  of C y b e rn e t ic s  a t M .  I .  T .  
T a k e n  to g e th e r  th e y  a r e  an e x a m p le  of an e vo lv in g  c o m m u n ity  of 
s c ie n t i f ic  s p e c ia l is ts  w hose th in k in g  exh ib its  a c e r t a in  c o m m u n a l  
s t r u c tu r e  not found in  w o r ld  v iew s  o f an  h is t o r ic a l  e r a  o r a s o c ie ty  
as a w h o le .
The M .  I .  T .  s y s te m s  d y n a m ic s  g roup  m ig h t  be c o n s id e re d  a 
p a r t  o f the " e n v ir o n m e n ta l  m o v e m e n t"  in  th a t  g ro u p  m e m b e r s  e x p re s s  
va lues  o f co n c e rn  fo r  the e n v ir o n m e n t  above those of eco n o m ic  
d e v e lo p m e n t .  The " e n v ir o n m e n ta l  m o v e m e n t ,  " h o w e v e r ,  is m o re  
d iffu se  and has n e i th e r  a c o m m o n  t h e o r e t ic a l  v ie w p o in t  n o r  a u n if ie d  
s o c ia l  s t r u c tu r e ,  but is ,  r a t h e r ,  a c o a l i t io n  of m a n y  g ro u p s , both
9s c ie n t i f ic  and s o c ia l  a c t io n  o r ie n te d ,  w ith  m a n y  s p e c if ic  po in ts  o f  
v ie w  and p re c is e  g o a ls .
In  l ik e  m a n n e r ,  those w ho b e l ie v e  in  eco n o m ic  g ro w th  do not 
n e c e s s a r i ly  r e p r e s e n t  a s ing le  id e n t i f ia b le  g ro u p , but r a t h e r ,  an  
am o rp h o u s  and i l l - d e f in e d  a g g re g a te  w h ic h  in c lu d es  p o l ic y m a k e r s ,  
d e c is io n m a k e r s ,  le g i t im a to r s  and th e o r e t ic a l  ad vo cates  w ho fe e l  
and e x p re s s  c o m m itm e n t  to a c t io n  p r o g r a m s  b u i lt  a ro u n d  the fu n d a ­
m e n ta l  b e l ie f  in  e co n o m ic  g ro w th .  W ith  th is  a g g re g a te  th e re  a r e  a 
n u m b e r  o f th e o r ie s  o f s o c ia l  s y s te m s , each p re d ic a te d  on b e l i e f  in  
the d e s i r a b i l i t y  o f  and n e c e s s i ty  fo r  eco n o m ic  g ro w th .
The  c o n fro n ta t io n  b e tw e e n  the "utopians o f e q u i l ib r iu m "  and  
the " id e o lo g is ts  o f g r o w th "  p a r a l le ls  the n in e te e n th  c e n tu r y  s t ru g g le  
b e tw e e n  the E n g e l s - M a r x i s t  th e o r is ts  and the c a p i ta l is t  id e o lo g ic a l  
e s ta b l is h m e n t .  T h is  c o n fro n ta t io n ,  in  its  e a r ly  s ta g e s ,  p i t te d  a 
s m a l l  g ro u p  o f  s o c ia l  th e o r is ts  seek in g  s c ie n t i f ic  l e g i t im a t io n  o f  
t h e i r  th e o r ie s  ag a in s t  a b ro a d  s p e c tru m  of s o c ie ta l  c o n t r o l le r s  who  
had  no s ing le  t h e o r e t ic a l  s tance but who sh a re d  b e l ie f  s t r u c tu r e  b u i l t  
out of th e i r  a c t iv i t ie s  and e x p e r ie n c e s  in  the e v e r y d a y  w o r ld  of  
b u s in e s s ,  m a n u fa c tu r in g ,  and f in a n ce . In each in s ta n c e ,  u to p ian  
th e o r is ts  stand as s u r ro g a te  e x p e r ts  and ad vocates  fo r  a d e p re s s e d  
and p o w e r le s s  seg m e n t of s o c ie ty  o r  c la s s .  The Utopians p e r c e iv e  
a need  fo r  an  in te l le c t u a l ly  p o w e r fu l  th e o r y  as a r a l ly in g  po in t fo r  
d e p re s s e d  c la s s e s .  The  c o n te m p o ra ry  r e v o lu t io n a r y  m o v e m e n t  p its
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a p o w e r fu l  p re s e n t  g e n e ra t io n  a g a in s t  p o w e r le s s  fu tu re  g e n e ra t io n s .  
T h e re  is then  a c o m m o n  e le m e n t  o f  c la s s  s tru g g le  th a t  l in k s  the  
M a r x ia n  c a p i t a l is t  c o n fro n ta t io n  in  the n in e te e n th  c e n tu r y  w i th  the  
c o n fro n ta t io n  b e tw e e n  g ro w th  and e q u i l ib r iu m  in  the l a t e r  h a l f  o f the  
tw e n t ie th .  A g a in  the q u e s tio n  c e n te rs  a ro u n d  the d is t r ib u t io n  o f  
c a p ita l  b e tw e e n  c la s s e s  and m a s s e s .  N o w  h o w e v e r  r e p r e s e n ta t iv e s  
of fu tu re  p op u la tions  d ispute  the ongoing i r r e v o c a b le  w a s te  o f c a p ita l  
by p r e s e n t  p ro d u c in g  c la s s ,  a w a s te  th a t  w i l l  d e p r iv e  fu tu re  g e n e r a ­
t ion s  o f t h e i r  e x is te n c e .
C .  S u b stan tive  Issue  o f  E c o n o m ic  G ro w th
L i m i t s  to G ro w th  (M e a d o w s ,  et a l .  , 1972:21) po in ts  out th a t  
the p r o b le m  of c e n t r a l  c o n c e rn  is tha t  o f  w o r ld  e x p o n e n t ia l  g ro w th .
T h e  F o r r e s t e r - M e a d o w s  w o r ld  m o d e l  dep ic ts  the c a u s a l  r e la t io n s h ip  
o f f iv e  m a j o r  v a r ia b le s :  p o p u la t io n ,  c a p ita l ,  n o n re n e w a b le  r e s o u r c e s ,
p o l lu t io n ,  and  food p e r  c a p ita .  Th e  m o d e l  is an  a t te m p t  m a t h e m a t i ­
c a l l y  to p o r t r a y  the a d v e rs e  im p a c t  tha t g ro w th  o f  the tw o v a r ia b le s  
f i r s t  m e n t io n e d  have on the la s t  th r e e .  I t  is ,  in ' f a c t ,  a g lo b a l  e n ­
v i r o n m e n t a l  im p a c t  s ta te m e n t  b as ed  on a c o m p u te r  m o d e l  o f  the c a u s a l  
re la t io n s h ip s  o f the m a jo r  v a r ia b le s  d e s c r ib e d  ab o ve . T h e se  c a u s a l  
re la t io n s h ip s  a r e  changed by  v a r io u s  sets o f  a s s u m p t io n s .  E a c h  set  
of a s s u m p tio n s  g e n e ra te s  a d i f f e r e n t  s y s te m  b e h a v io r  th a t  can be 
e x p la in e d  and g r a p h ic a l ly  r e p r e s e n te d  by  i ts  own c o m p u te r  p r in t  out
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c a l le d  a "m o d e l  ru n .  "
,The L i m i t s  to G ro w th  stud ies in d ic a te  tha t con tinued  w o r ld  
eco n o m ic  and p o p u la t io n  g ro w th  w i l l  le a d  to a w o r ld  c r is is  som e  
t im e  in  the t w e n ty - f i r s t -  c e n tu ry  w ith  an  a tte n d an t o v e rg ro w th  and  
c o lla p s e  of the " w o r ld  s y s te m "  and thus of w o r ld  s o c ia l  o r d e r .  
H o w e v e r ,  a c c o rd in g  to F o r r e s t e r  and M e a d o w s ,  of the two in d e p e n ­
dent v a r ia b le s ,  p o p u la t io n  g ro w th  and c a p ita l  g ro w th ,  the l a t t e r  is 
the m a s t e r  v i l l a in .  T h e i r  c o m m e n ta r y  and m o d e l  runs  (M ea d o w s  
et a l .  , 1972:140  & 160; and F o r r e s t e r ,  1961:121) in d ic a te  tha t c o n ­
t r o l  of c a p ita l  g ro w th  cou ld  in  i t s e l f  e f fe c t iv e ly  in h ib it  p o p u la t io n  
g ro w th  and le a d  to a s ta te  o f w o r ld  e q u i l ib r iu m .  P o p u la t io n  s t a b i l i ­
z a t io n  a lone w o u ld  not p r e v e n t  a w o r ld  c r i s is  s i tu a t io n .
T h is  p a p e r  focuses on w h a t  is in te rc h a n g a b ly  c a l le d  c a p ita l  
g ro w th ,  e c o n o m ic 'g ro w th ,  o r  a c c e le r a t in g  in d u s t r ia l i z a t io n  as the  
issue  o f  c e n t r a l  c o n c e rn .  C r i t i c s  o f L im i t s  to G ro w th  concede th a t  
p o p u la t io n  g ro w th  is a w o r ld  p r o b le m  (cf. C o le  et a l .  , 1973; U . S. 
D e p a r tm e n t  o f H e a l th ,  E d u c a t io n ,  and  W e l f a r e  P u b l ic a t io n ,  1973; 
and K n o p p e rs ,  1972). I t  p re s e n ts  w o r ld  p o l ic y m a k e r s  w i th  ari e s ­
s e n t ia l ly  d i f f e r e n t  k ind  of p r o b le m  than  e co n o m ic  g ro w th . The s o lu ­
t io n  to the p o p u la t io n  p ro b le m  is  one o f con v in c ing  " p u b l ic s "  who  
c o n tr o l  the in s t itu t io n s  of f a m i l y  f o r m a t io n  o f  the n e c e s s i ty  o f  b i r t h  
c o n tro l ,  o r  b i r th  d e la y ,  e i th e r  by p e rs u a s io n  o r  by fo r c e .  The  
p o p u la t io n  p r o b le m  r e q u ir e s  p o l ic y m a k e r s  to in f lu en c e  and in te r a c t
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w ith  in s t itu t io n s  th e y  do not now c o m p le te ly  c o n tr o l .  On the o th e r  
hand, th e o r ie s  o f g lo b a l eco n o m ic  e q u i l ib r iu m  c o n fro n t  d i r e c t ly  the  
in g r a in e d  b e l ie f  s t r u c tu r e s  of g ro w th  o r ie n te d  p o l ic y m a k e r s  t h e m ­
s e lv e s .  These  c o n f l ic ts  and c o n tra d ic t io n s  in  b e l ie fs  and va lu es  of  
p o l ic y m a k e r ^  th e m s e lv e s  is the c e n t r a l  focus o f th is  th e s is .
2.  D e f in i t io n s  of E c o n o m ic  G ro w th
W h a t is  e c o n o m ic  g ro w th ,  the phenom enon th a t  im p e r i ls  
w o r ld  o r d e r ?  M e a d o w s  et a l .  (1972 :38 )  in tro d u c e  the concept by  
a l lu d in g  to an e v e r - in c r e a s in g  w o r ld  in d u s t r ia l  output. T h e y  c ite  
the w o r ld  in d u s t r ia l  p ro d u c t io n  in d ex  as co m p u ted  by the U n ite d  
N a tio n s  D e p a r tm e n t  of E c o n o m ic  and S o c ia l  A f f a i r s  and note an  
e x p o n e n t ia l  in c r e a s e  o f 7% p e r  y e a r  b e tw e e n  1963 and 1968 (see  
F ig u r e  I ) .  The au th o rs  next r e f e r  to  the p e r  c a p ita  in c re a s e  in  
G ro s s  N a t io n a l  P ro d u c t  of a n u m b e r  o f c o u n tr ie s  fo r  the y e a rs  177 5 
to 1969 (F ig u r e  I I ) ,  and f in a l ly  note the w o r ld w id e  c o r r e la t io n  b e ­
tw e e n  G N P  and e n e rg y  c o n su m p tio n  p e r  c ap ita  (F ig u r e  I I I ) .  Y e t  these  
a r e  a l l  s o c ia l  in d ic a to rs  o f an  " e v i l "  th ing r a t h e r  than the th ing  i t s e l f .  
(M e a d o w s  et a l ,  1972:40 & 70 ) .
F r o m  the standpo in t of the s y s te m s  d y n a m ic s  m o d e l ,  M e a d o w s  
et a l  (1972:3  9 & 95) define  in d u s t r ia l  c a p ita l  as the w o r ld  pool o f  a l l  
in d u s t r ia l l y  m a d e  p h y s ic a l  as s e t s , " fa c to r ie s ,  t ru c k s ,  to o ls ,  m a c h ­
in e s ,  e tc .  " in c r e a s e d  e v e r y  y e a r  by  in v e s tm e n t  and d e c re a s e d  by
F IG U R E  I:  W O R L D  I N D U S T R IA L  P R O D U C T IO N
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World industrial production, relative to the base year 1963, also shows a 
clear exponential increase despite small fluctuations. The 1963-68 average 
growth rate of total production is 7 percent per year. The per capita growth 
rate is 5 percent per year.
R e p ro d u c e d  f ro m  M e a d o w s  et a l .  (1 9 7 2 :3 8 ) .
FIG U R E  II: ECONOMIC GROWTH R A T E S
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The economic growth of individual nations indicates that differences in 
exponential growth rates are widening the economic gap between rich and 
poor countries.
SOURCE: Simon Kuznets, Economic Growth of Nations (Cambridge, Mass.: Harvard Uni­
versity Press, 1971).
R e p r o d u c e d  f r o m  M e a d o w s  e t . a l .  , 1972:40 .
FIG U R E  III: E N E R G Y  C O N S U M PT IO N  A N D  G N P
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Although the nations of the world consume greatly varying amounts of 
energy per capita, energy consumption correlates fairly well with total 
output per capita (GNP per capita). The relationship is generally linear, 
with the scattering of points due to differences in climate, local fuel prices, 
and emphasis on heavy industry.
SOURCES: Energy consumption from UN Department of Economic and Social Affairs, 
Statistical Yearbook 1969 (New York: United Nations, 1970). GNP per capita from World 
Bank Atlas (Washington, DC: International Bank for Reconstruction and Development, 
1970).
R e p r o d u c e d  f r o m  M e a d o w s  et a l .  , 1972:70 .
p h y s ic a l  d e p re c ia t io n  (F ig u r e  I V ) .  M e a d o w s  et a l .  a r e  not i n t e r ­
e s ted  in  in d u s t r ia l  c a p ita l  in  t e r m s  o f ab s o lu te  n u m b e rs  but r a t h e r  in  
i ts  ra te  o f change o r  g ro w th  r a t e .  T h e y  thus a s s u m e  a y e a r  1900  
va lu e  o f one as the beg inn ing  in d u s t r ia l  c a p ita l  q u a n t i ty  le v e l .  T h is  
is  an  o p e ra t io n a l  d e f in i t io n  of in d u s t r ia l  g ro w th  and ex p la in s  o n ly  how  
the concept can  be q u a n t i f ie d  and in te g r a te d  into  the m o d e l .  I t  s ing les  
out in d u s t r ia l  c a p ita l  f o r m a t io n  f r o m  o th e r  e le m e n ts  o f  the g e n e r ic  
t e r m ,  e co n o m ic  g ro w th .
No t a l l  in d u s t r ia l  g ro w th  has the sam e im p a c t  on the g lo b a l  e n ­
v i r o n m e n t .  F o r  in s tan ce  the d e v e lo p m e n t  o f  som e im a g in a r y  e n e rg y  
p r o d u c e r  that w o u ld  r e c e iv e  its  p o w e r  f r o m  som e in e x h a u s t ib le  so u rce  
and w o u ld  be c o m p le te ly  n o n -p o l lu t in g  w o u ld  g r e a t ly  in c r e a s e  c a p ita l  
fo r m a t io n  w ith o u t  d e p le t in g  o r  d is tu rb in g  the e n v iro n m e n t .
)
A  s o c ie ty  th a t  va lu es  h ig h ly  such c u l t u r a l  a m e n i t ie s  as e d u ­
c a t io n ,  book$, p a in t in g s ,  p h y s ic a l  e x e r c is e  and acc ess  to open space  
m ig h t  f ind  tha t  th e i r  G N P  in c r e a s e s  e v e n  though r e s o u rc e  d e p le t io n  
and p o l lu t io n  a r e  a t a s ta n d s t i l l .  A c c o r d in g  to the F o r d  F o u n d a t io n  
R e p o r t  (1974 :89 )  the a s s o c ia t io n  b e tw e e n  in c re a s in g  e n e rg y  use and  
in c re a s in g  G N P  could  b ec o m e  unco u p led  in  the fu tu re .  E n e r g y  c o n ­
s u m p tio n  cou ld  be h e ld  and z e r o  g ro w th  m a in ta in e d  w ith o u t  c o n c u r ­
r e n t ly  cau s in g  G N P  to f la t te n  out. S o c ia l  in d ic a to rs  and o p e ra t io n a l  
d e f in it io n s  o f  eco n o m ic  g ro w th  m a y  not h o ld  o v e r  long p e r io d s  of  
h i s t o r ic a l  t im e .
F IG U R E  IV :  A  D E F I N I T I O N  O F  IN D U S T R IA L  
C A P I T A L  F O R  USE IN  T H E  
M O D E L
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R e p ro d u c e d  f r o m  M e a d o w s ,  et a l .  , 1972 :39 .
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Tho se  seg m e n ts  o f  eco n o m ic  g ro w th  th a t  p ro m o te  in v e n t io n ,  
r e s e a r c h ,  and e f f ic ie n c y  w o u ld  be expanded  r a t h e r  than c u r t a i le d  in  
an e q u i l ib r iu m  s o c ie ty  a c c o rd in g  to M e a d o w s  et a l .  (1 9 7 2 :1 6 3 ) .
B e h in d  the s o c ia l  in d ic a to rs  and o p e ra t io n a l  d e f in i t io n  o f  
e c o n o m ic  g rd w th  is the a s s u m p tio n  tha t eco n o m ic  g ro w th  is a c u l ­
t u r a l  va lue  o f  w o r ld  te c h n o lo g ic a l  s o c ie ty .  On th is  le v e l  o f  a n a ly s is ,  
the va lu e  o f e c o n o m ic  g ro w th  is w h a t  M a n n h e im  (1953 :42 )  has r e ­
f e r r e d  to as the " in n e r  m o to r  o r  d y n a m ic  p r in c ip le "  o f an y  b e l ie f
s t r u c t u r e .  A  c u l t u r a l  b e l ie f  s t r u c tu r e  in  tu rn  bec o m es  the nuc leus
3
o f the s o c ia l  s y s te m . M e a d o w s  et a l .  (197 2 :1 2 4 )  r e p r e s e n t  the  
p r e s e n t  w o r ld  s o c ia l  s y s te m  in t h e i r  " W o r ld  M o d e l  S ta n d a rd  R u n "  
(F ig u r e  V ) ,  a p e r s p e c t iv e  o f w o r ld  te c h n o lo g ic a l  s o c ie ty  as a s o c ia l  
s y s te m  o rg a n iz e d  a ro u n d  the c o re  c u l t u r a l  va lue  o f e c o n o m ic  g ro w th .
M e a d o w s  et a l .  (1 9 7 2 :1 8 1 )  e m p h a s iz e  the c u l tu r a l  n a tu re  o f  
ec o n o m ic  g ro w th  by  r e f e r r i n g  to i t  as the " g ro w th  e th ic .  " T h e  
"g ro w th  e th ic "  is  the s o c ia l ly  s h a re d  b e l ie f  th a t  e v e r y  m e m b e r  un it  
of s o c ie ty ,  in d iv id u a ls  and g roups  a l ik e ,  can  e n d e a v o r  to o p t im iz e  
i ts  g r a t i f i c a t io n  in t e r m s  o f p h y s ic a l  re w a r d s  w ith o u t  d ep le t in g  the  
p h y s ic a l  e n v ir o n m e n t .  M e a d o w s  sum s up h is  c o n d em n atio n  o f the  
g ro w th  e th ic  and p re s e n ts  h is  v is io n  o f an  e q u i l ib r iu m  s o c ie ty  as 
f o l lo w s :
The f in a l ,  m o s t  e lu s iv e ,  and m o s t  im p o r ta n t  in fo rm a t io n  
w e need  d ea ls  w i th  h u m a n  v a lu e s .  A s  soon as a s o c ie ty  
re c o g n iz e s  tha t i t  cannot m a x im iz e  e v e ry th in g  fo r  e v e r y -
F IG U R E  V: "ST A N D A R D" W O R LD  M O D E L  R U N - -
T H E  G L O B A L  S Y S T E M  O R G A N IZ E D  
A R O U N D  T H E  C O R E  C U L T U R A L  V A L U E  
O F  E C O N O M IC  G R O W T H
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The “standard” world model run assumes no maior change in the physical, 
economic, or social relationships that have historically governed the de­
velopment of the world system. All variables plotted here follow historical 
values from 1900 to 1970. Food, industrial output, and population grow 
exponentially until the rapidly diminishing resource base forces a slowdown 
in industrial growth. Because of natural delays in the system, both popu­
lation and pollution c'ontinue to increase for some time after the peak of 
industrialization. Population growth is finally halted by a rise in the death 
rate due to decreased food and medical services.
R e p r o d u c e d  f r o m  M e a d o w s  et a l .  , 1 9 7 2 :1 2 4 .
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one, i t  m u s t  b e g in  to  m a k e  c h o ic e s . Should t h e r e  be m o r e  
peop le  o r  m o r e  w e a l th ,  m o r e  w i ld e r n e s s  o r  m o r e  a u to m o ­
b i le s ,  m o r e  food fo r  the p o o r  o r  m o r e  s e r v ic e s  fo r  the  
r ic h ?  E s ta b l is h in g  the s o c ie ta l  a n s w e rs  to q u es tio n s  l ik e  
these and t r a n s la t in g  those a n s w e rs  in to  p o l ic y  is the e s ­
sence of the p o l i t ic a l  p ro c e s s .  Y e t  few peo p le  in  an y  
s o c ie ty  even  r e a l i z e  that such cho ices  a r e  b e in g  m ad e  
e v e r y  d ay , m u c h  le s s  a s k  th e m s e lv e s  w h a t  t h e i r  own  
cho ices  \frould be. Th e  e q u i l ib r iu m  s o c ie ty  w i l l  have  to 
w e ig h  the t r a d e - o f f s  e n g e n d e re d  by  a f in i te  e a r t h  not o n ly  
w ith  c o n s id e ra t io n  o f p re s e n t  h u m a n  va lues  but a ls o  w ith  
c o n s id e ra t io n  of fu tu re  g e n e r a t io n s . To  do th a t ,  s o c ie ty  
w i l l  need  b e t te r  m e a n s  than e x is t  today  f o r  c la r i f y in g  the  
r e a l is t i c  a l t e r n a t iv e s  a v a i la b le ,  fo r  e s ta b l is h in g  s o c ie ta l  
g o a ls ,  and fo r  a c h ie v in g  the a l te r n a t iv e s  tha t  a r e  m o s t  
co n s is te n t  w i th  those g o a ls .  But m o s t  im p o r ta n t  o f  a l l ,  
l o n g - t e r m  goals m u s t  be s p e c if ie d  and s h o r t - t e r m  goals  
m a d e  c o n s is te n t  w i th  th e m .  (M eadow s et a l .  , 1972 :181 )
The g ro w th  e th ic  is a s h a re d  w o r ld  v a lu e  in  th a t  i t  t ra n s c e n d s  
any  d i f fe r e n c e s  in  p o l i t ic a l  and  eco n o m ic  id e o lo g y  b e tw e e n  c a p i ta l is t ,  
c o m m u n is t  and s o c ia l is t  c o u n tr ie s .  The g ro w th  e th ic  is s h a re d  a l ik e  
by d ev e lo p in g  na t ions  and ad v an ced  in d u s t r ia l  s o c ie t ie s .  Y e t ,  a c ­
c o rd in g  to the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p ,  th is  e th ic  is the  
h e a r t  o f  the p r o b le m  of w o r ld  s o c ia l  s y s te m  o r d e r  and s ta b i l i t y .
M e s a r o v ic  and P e s t e l  (1974 :5 )  in  t h e i r  seq u e l to L im i t s  to  
G r o w t h , a g a in  funded by  the C lu b  of R o m e  and us ing  m o r e  c o m p l i ­
ca ted  s y s te m s  d y n a m ic s  c o m p u te r  m o d e ls  as a fo r e c a s t in g  to o l,  c a l l  
a t te n t io n  to the d i f fe r e n c e  b e tw e e n  o rg a n ic  g ro w th  and u n d i f f e r e n ­
t ia te d  g ro w th .  O rg a n ic  g ro w th  in  the s o c ia l  co n tex t  en v is io n s  each  
subun it  o f the w o r ld  c o m m u n i ty  g ro w in g  as a fu n c t io n a l ly  i n t e r d e ­
pendent p a r t  o f  the  to ta l  w o r ld  c o m m u n ity .  U n d i f fe r e n t ia te d  g ro w th
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is  defined, as each subun it  a t te m p t in g  to g ro w  w ith o u t  c o n s id e r a t io n  of  
tha t g ro w th  e f fe c t  on the o th e r  u n its .  U n d i f fe r e n t ia te d  g ro w th  
r e p r e s e n ts  the g ro w th  e th ic  o f  p re s e n t  w o r ld  s o c ie ty .
E n z e n s b e r g e r  (1 9 7 4 :4 ) ,  a n e o - M a r x i s t  th e o r is t ,  s ta tes  the  
p r o b le m  in  a n o th e r  w a y  by  s h if t in g  the e m p h a s is  f r o m  va lu e s  to  
s o c ie t ie s  and by u s in g  a te r m in o lo g y  th a t  c o n tra s ts  " p o l i t ic a l  e c o lo g y "  
w ith  " w o r ld  in d u s t r ia l  s o c ie ty " .  H is  s ta te m e n t  o f  the c e n t r a l  h y p o ­
th es is  is :  " In d u s t r ia l  s o c ie t ie s  of th is  e a r th  a r e  p ro d u c in g  e c o lo g ic a l
c o n tr a d ic t io n s ,  w h ic h  m u s t  in  the fo re s e e a b le  fu tu re  le a d  to t h e i r  
c o l la p s e . "
3. T h e o r ie s  A b o u t  W o r ld  S y s te m s  A s  
T h e o r ie s  o f  L e g i t im a t io n
A .  Id e a l  and P r a g m a t ic  T h e o r ie s  o f  L e g i t im a t io n
H u b e r  (1973) notes th a t  th e r e  a r e  two w a y s  in  w h ic h  th e o r ie s  
about s o c ia l  s y s te m s  p r e s e n t  th e m s e lv e s  to t h e i r  a d h e re n ts  as 
w o r th y  o f  a l le g ia n c e .  Id e a l is t ic  th e o r y  m ig h t  o f fe r  co n v in c in g  e v i ­
dence tha t  the va lu es  i t  espouses c o m m a n d  s u p p o rt  r e g a r d le s s  of  
the co n sequences . P r a g m a t ic  th e o r y ,  on the o th e r  han d , ju s t i f ie s  
i ts  p r o g r a m  of a c t io n  by  p r e d ic t io n  of its  own s u c cess . Such a 
th e o r y  espouses not u l t im a t e  va lu es  but in te r m e d ia te  v a lu e s ,  o r  
a c t io n  s t ra te g ie s  th a t  w i l l  le a d  s o c ie ty  to w h a t  is " o b v io u s ly " ,  
ta k e n  as c o m m o n  kn o w led g e  by the m e m b e r s ,  to be a b e t t e r  end s ta te .
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Thus the b e n e f ic ia l  d i r e c t io n  in  w h ic h  s o c ie ty  m o v e s  is w h a t  m o t i ­
va tes  the b e l ie v e r .  Th e  va lu es  of both e co n o m ic  g ro w th  and e c o ­
n o m ic  e q u i l ib r iu m  a r e  in te r m e d ia t e  va lu es  o r  in d ic a to r s  o f p ro g re s s  
w it h in  the con tex t  o f p r a g m a t ic  th e o ry .  T h is  r e q u i r e s  th a t  p r o ta g o n ­
is ts  o f  each c a m p  m u s t  o f fe r  a le g i t im a t in g  p r o g r a m  w h ic h  is ,  in  
e f fe c t ,  a p r e d ic t io n  o f  the fu tu re .
G iv e n  the p re s e n t  h i s t o r ic a l  c l im a t e ,  i t  s e e m s  th a t  such  
l e g i t im a t in g  th e o r ie s  m u s t  be c lo a k e d  in  the m a n t le  o f  " s c ie n t i f ic  
a u th e n t ic i ty .  " O th e rw is e  th e y  w o u ld  not be convincing to " p r o f e s ­
s io n a ls " ,  n o r  w o u ld  th e y  have  "the r in g  o f a u t h o r i t y "  to la y  p u b lic s .  
S t i l l  i f  f a i lu r e  o r  success is to be the r e le v a n t  c r i t e r i o n ,  as i t  is in  
p r a g m a t ic  th e o r y ,  th e r e  m u s t  be a con tinuous , ongoing a s s e s s m e n t  
of the p r o b a b i l i t y  o f  fu tu re  even ts  in  the l ig h t  o f  the r e a l i t y  o f a g iven  
p r e s e n t .  In  th is  sen se , a "s c ie n c e  o f the fu tu r e "  fo r m s  an  in d is p e n ­
sab le  p a r t  o f  a l l  p r a g m a t ic  th e o ry .
M e a d o w s  et a l .  (1 9 7 2 :1 9 6 )  and F o r r e s t e r  ( 1 9 6 8 :3 - 4 ) ,  and in  
a l l  p r o b a b i l i t y  t h e i r  c r i t i c s ,  g e n e r a l ly  a g re e  w i th  the a s s u m p tio n  that  
fu tu re s  a r e  not w h o l ly  d e t e r m in is t i c ,  th a t  is ,  tha t  on the m o s t  c o m ­
p re h e n s iv e  le v e l  o f a n a ly s is ,  w o r ld  s o c ia l  sys te m s  a r e  "open s y s ­
t e m s " - - in d e te r m in a t e  and p r o b le m a t ic a l  by t h e i r  n a tu r e .  P r a g m a t ic  
va lu e  s t r a te g ie s  and w o r ld  v ie w s  b as ed  on th e m  a r e  a lw a y s  s u b je c t  to 
new  d e v e lo p m e n ts .
G iv e n  th en , th is  one a s s u m p tio n  that p r o g r a m s '  successes
23
a r e  t h e i r  own r a t io n a le ,  p r a g m a t ic  va lu e  s t r a te g is ts  ad v o ca te  e i th e r  
e c o n o m ic  g ro w th  o r  e co n o m ic  e q u i l ib r iu m ,  based  on ’'o b je c t iv e "  
and " c o g n a t iv e ly  r a t io n a l"  a rg u m e n ts  w h ic h  th e i r  a d v e r s a r ie s  and  
t h e o r e t ic a l  c r i t i c s  judge on th r e e  d i f f e r e n t  p r  e s u p p o s it io n a l c r i t e r i a .  
Th e  f i r s t  c r i t e r i o n  r e q u i r e s  an  ongoing o b je c t iv e  a s s e s s m e n t  o f  
fu tu re  p o s s ib i l i t ie s  in  the l ig h t  o f p r e s e n t  r e a l i t i e s - - a  "s c ie n c e  o f  
p re d u c t io n "  o r  a "sc ien ce  o f the f u tu r e " .  S ys tem s d y n a m ic s  is 
such a " s c ie n c e " .  The second c r i t e r i o n  r e q u i r e s  an  in t e r p r e t a t io n  
of the u l t im a t e  o r  o v e r r id in g  va lu es  th a t  l ie  beh ind the p u r e ly  i n t e r ­
m e d ia te  o p e ra t io n a l  o r  s t r a te g ic  va lu es  of " g ro w th "  o r  " e q u i l ib r iu m " .  
T h e  t h i r d  c r i t e r i o n  r e q u ir e s  an  a s s e s s m e n t  o f the r is k  a p o l ic y  m a k e r  
is w i l l in g  to take  in  o r d e r  to a c h ie v e  h is  o v e r a l l  va lu es  in  the l ig h t  o f  
o b je c t iv e  r e a l i t y ,  a w e ig h in g  o f  va lu e s  a g a in s t  o b jec t  r e a l i t i e s .
A lth o u g h  the f i r s t  p r e s u p p o s i t io n a l  c r i t e r i o n  can , in  th e o r y ,  
be d e a lt  w ith  as a p r o b le m  in  co g n a tive  r a t io n a l i t y ,  the second and  
th i r d  c r i t e r i a  a r e  e s s e n t ia l ly  s u b je c t iv e .  P u t  a n o th e r  w a y ,  the  
s h a re d  w o r ld  v ie w  o f  both b e l ie v e r s  in  e c o n o m ic  g ro w th  and b e l ie v e r s  
in  e c o n o m ic  e q u i l ib r iu m  s tre s s  a p r a g m a t ic  s c ie n t i f ic  and co g n a tive  
r a t io n a l i t y  th a t  tends to p lace  the th e o r e t ic a l  c o n t r o v e rs y  b e tw e e n  
the two group s  in  a p re  s u p p o s it io n a l  a r e n a  o f " s c ie n t i f ic  th e o r y "  
r a t h e r  th an  s o c ia l  a c t io n  th e o r ie s .  E a c h  g ro u p  c la im s  to be the  
au th e n tic  r e p r e s e n ta t iv e  o f c u m u la t iv e  c iv i l i z e d  kn o w led g e . I f  the  
opposing g ro u p  is w ro n g ,  th is  is b ecau se  its  m e m b e r s  do not possess
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the r ig h t  " f a c ts ” , the c o r r e c t  " m o d e l” , the " m o s t  c o m p re h e n s iv e  
and o b je c t iv e  v ie w  o f  e m p i r i c a l  r e a l i t y ” . F u r t h e r ,  th e r e  is no 
e m p i r ic a l  r a t io n a le  fo r  a s s u m in g  th a t  a l l  p o l ic y  m a k e r s  fo r  the  
g lo b a l  s o c ia l  s y s te m  (o r  any o th e r  s o c ia l  s y s te m  fo r  th a t  m a t t e r )  
sh a re  the sarhe g ro u p  p e r s p e c t iv e .  E a c h  one m a y  see the fate  o f  
h is  p a r t i c u la r  g ro u p  as qu ite  d i f f e r e n t  f r o m  the fa te  o f the a g g re g a te ,  
the to ta l  g ro u p ,  in  r e la t io n  to som e s p e c if ic  e x is t in g  s o c ia l  s y s te m  
d i r e c t io n  o r  p o l ic y  s t r a te g y .
B . B a s ic  H y p o th e s is  o f  S o c io lo g y  of K n o w led g e
The l in e  o f  re a s o n in g  w h ic h  s e rv e s  as an  in tro d u c t io n  to w h a t
can  be c a l le d  an  h y p o th es is  f ro m  the s o c io lo g y  o f  kno w ledge  is fo r
th is  w o r k ,  as fo llo w s :
C o g n a t iv e ly  r a t io n a l  th e o r ie s  about how s o c ia l  s y s te m s  
w o r k  a r e  in e v i ta b ly  founded on p re s u p p o s it io n s  w h ic h  a r e  
v a lu e  ju d g m e n ts  o f  the th e o r is t  as adv o ca te  o f  a s o c ia l  
g ro u p  w i th  w hose d e s t in y  he id e n t i f ie s  and w hose ongoing  
e x p e r ie n c e s  he s h a re s .
T h is  h yp o th es is  has been  e x p re s s e d  in  d i f f e r e n t  t e r m s  by
M a r x  (1 8 4 7 ),  M a n n h e im  (1 9 3 6 ) ,  F r i e d r ic h s  (1 9 7 0 ) ,  and G o u ld n e r  
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(1 9 7 0 ).
B e r g e r  and L u c k m a n  (1966 : 1 16) e x p re s s  th is  h yp o th es is  by  
p o in t in g  out th a t  a l l  th e o r ie s  about how s o c ia l  s y s te m s  w o r k  a r e  
th e o r ie s  o f le g i t im a t io n ,  tha t is ,  th e o r ie s  e x p re s s in g  the v a l id i t y  
and a u th e n t ic i ty  o f fu tu re  a c t io n .  One w o u ld  be in c o r r e c t ,  h o w e v e r ,
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to c o n s id e r  s o c ia l  s y s te m  th e o r ie s  as being i r r a t i o n a l  o r  founded in
p a r t  on i r r a t i o n a l  p r e s u m p t io n s .  These  th e o r ie s  fo r m  a s p e c ia l
c lass  o f r a t io n a l i t y .  T h e o r ie s  of le g i t im a t io n  p u rs u e  a l in e  o f
re a s o n in g  tha t fa l ls  ou ts ide  p u re  re a s o n  as la id  down by  H u m e  and
5his  lo g ic a l  p o s i t iv is t  fo l lo w e rs  (A y e r ,  1 9 5 9 :1 0 ) .  W h i le  th e o r ie s  
of s o c ia l  s y s te m s  a r e ,  in  a sen se , m e ta p h y s ic a l ,  fo r  any  one p u r s u ­
ing a c o u rs e  o f  a c t io n  th e y  a r e  h a r d ly  i r r e l e v a n t  - - a s  the th e o r ie s  
th e m s e lv e s  d e te r m in e  in p a r t  the fu tu re  fa te  o f the th e o r is t .
The p r o b le m  fo r  a d is c u s s io n  f r o m  the p e rs p e c t iv e  o f s o c io lo g y  
of kno w ledge  is not to c o n f i r m  o r  deny  the h y p o th e s is  of th e o r ie s  o f  
l e g i t im a t io n ,  n o r  to m a k e  a ju d g m e n t  on the su b s ta n tiv e  issue o f  e c o ­
n o m ic  g ro w th  v e rs u s  e q u i l ib r iu m .  R a th e r ,  the  ta s k  o f  the s o c io lo g is t  
of kno w ledge  is to d e v e lo p  a m e th o d  of in t e r p r e t a t io n  o f  the two c o n ­
f l ic t in g  th e o r ie s  o f l e g i t im a t io n .
Tw o d i a m e t r i c a l l y  opposed v ie w s  o f the p r e s e n t  s ta te  and h i s ­
t o r ic a l  d i r e c t io n  o f  w o r ld  s o c ie ty  can  be p re s e n te d  as r a t io n a l  a r g u ­
ments w h ic h  ev id en ce  a s o c ia l  p a ra d o x .  Q uine (19 6 6 :1 )  spoke of  
p a ra d o x e s  as fo l lo w s :
. . .  a p a ra d o x  is ju s t  any  co n c lu s io n  th a t  a t  f i r s t  sotmds 
a b s u rd  but tha t  has an  a r g u m e n t  to s u s ta in  i t  . . . The  
a rg u m e n t  tha t sus ta ins  a p a ra d o x  m a y  expose the  a b s u r d ­
i ty  o f  a b u r ie d  p r e m is e  o r  o f  som e p re c o n c e p t io n  p r e v io u s ly  
re c k o n e d  as c e n t r a l  to p h y s ic a l  th e o r y ,  to m a th e m a t ic s ,  o r  
to the th in k in g  p r o c e s s .  C a ta s tro p h e  m a y  lu r k ,  t h e r e f o r e ,  
in  the m o s t  in n o c e n t -s e e m in g  p a ra d o x .  M o r e  than  once in  
h is t o r y  the d is c o v e r y  o f p a ra d o x  has been  the o c c a s io n  fo r  
m a jo r  r e c o n s tr u c t io n  a t  the foundations of th a t  thought.
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C o m p a r a t iv e  a n a ly s is  o f  b a s ic  p re s u p p o s it io n s  lead s  one to 
the f in a l  goa l;  th a t  is ,  o f  re s o lv in g  p a ra d o x e s  by exp os ing  m is c o n ­
cep tions  about s o c ia l  s y s te m s .  T h a t th e r e  can be m is c o n c e p t io n s  
about s o c ia l  s y s te m s  p re s u m e s  th a t  th e re  is e i th e r  so m e n a t u r a l  
o r d e r  o r  b e t te r  o r d e r  o f how s o c ia l  s y s te m s  can be p e r c e iv e d  than  
e i th e r  side p r e s e n t ly  p o s s e s s e s .  Such a s u p p o s it io n  p re s u m e s  a 
s y s te m a t iz a t io n  o f s o c ia l  s y s te m  know ledge m o v in g  f o r w a r d  h is t o r  - 
i c a l ly  in  a m a n n e r  c o m p a ra b le  to know ledge  s y s te m s  such as p h y ­
s ic a l  th e o ry ,  m a th e m a t ic s  o r  lo g ic .
C . A n  E la b o r a t io n  o f the C oncepts
A c c o r d in g  to M a n n h e im  (1936 :40 )  the t e r m  " id e o lo g y "  r e ­
f le c ts  the s o c ia l  th e o r y  o f ru l in g  groups - -  those w ho see t h e i r  
in te r e s ts  bes t s e r v e d  by m a in ta in in g  the s o c ia l  c o n d it io n  in  qu e s tio n .  
Opposing th e m  a r e  the o p p re s s e d  group s  - -  U topians - -  " s t ro n g ly  
in te r e s te d  in  the d e s tr u c t io n  o r  t r a n s f o r m a t io n  o f  a g iv e n  co n d it io n  
in  s o c ie ty .  " Id e o lo g ie s  and u top ias  as c o n tra s t in g  w o r ld  v iew s  a r e  
t o t a l ly  opposing b e l i e f  s t r u c tu r e s .
B e r g e r  and L u c k m a n  (1966 :92 )  b e l ie v e  the t e r m  w o r ld  v iew  
( " W e lta n s c h a u u n g "  f r o m  the G e r m a n  h is t o r ic is t s )  is too b ro a d  and  
in s te a d  s u b s titu te  the n o tio n  of " le v e ls  o f  l e g i t im a t io n "  of in s t i t u ­
t io n a l  p ro c e s s .  T o  th e m ,  one can  d is t in g u is h  ro u g h ly  fo u r  d is c r e te  
le v e ls  of le g i t im a t io n :
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1. In c ip ie n t  l e g i t im a t io n ,  ru le s  about la n g u a g e , how th ings a r e  
done, ru le s  o f e t iq u e t te ,  r o u t in e ,  s o c ia l  c u s to m ;
2. R u d im e n ta r y  t h e o r i e s , p r a g m a t ic  s c h e m e s ,  p r o v e rb s ;
3. T h e o r ie s  o f in s t i tu t io n a l  o r d e r ,  r ig h ts  o f  cous inhood , la w s ,  
e c o n o m ic  th e o r ie s ;
4. S y m b o lic  u n iv e r s e s ,  th e o r ie s  w h ic h  "en co m p ass  the i n s t i t u ­
t io n a l  o r d e r  in  its  t o t a l i t y "  ( B e r g e r  and L u c k m a n n ,  1 9 6 6 :9 4 -9 6 ) .
C o n tr o v e r s ie s  b e tw e e n  id e o lo g ie s  and u to p ias  have  h i s t o r i c ­
a l l y  p ro d u ced  c o n f l ic t  on the th i r d  le v e l  of l e g i t im a t io n  r a t h e r  than
the fo u r th .  ^
On a d i f f e r e n t  p lan e  R o k e a c h  (197 0:3) a n a ly z e s  b e l ie f  
s t r u c tu r e s  f r o m  the p e rs p e c t iv e  o f s o c ia l  p sy ch o lo g y . H e  notes  
th a t  not a l l  b e l ie fs  a r e  e q u a l ly  im p o r ta n t  but r a t h e r  v a r y  a long  a 
c e n t r a l - p e r ip h e r a l  d im e n s io n .  H e  p ro p o ses  th a t  "the m o r e  c e n t r a l  
the b e l ie f  changed the  m o r e  w id e s p r e a d  the r e p e rc u s s io n s  in  the  
r e s t  o f  the b e l ie f  s y s te m ,  " W h i le  R o keac h  s tud ies  the in d iv id u a l 's  
b e l ie fs  h is  r e s e a r c h  s ee m s  a p p l ic a b le  to s h a re d  b e l ie fs  o f a c o m ­
m u n i ty  o r  a s o c ie ty .
In  e f fe c t  c u l t u r a l  b e l i e f  s t r u c tu r e s  p re s e n t  tw o c e n t r a l i t y -  
p e r ip h e r a l  axes w h ic h  r e q u i r e  s e p a ra te  c o n s id e ra t io n .  F i r s t  one 
m ig h t  c o n s id e r  a c u l t u r a l  b e l ie f  s t r u c tu r e  as an  e n t i ty  p o s sesse d  by  
an  in d iv id u a l .  H e r e  c e n t r a l i t y - p e r i p h e r a l  m e a s u r e m e n ts  c o n c e rn  
how c o m p le te ly  in t e r n a l i z e d  is the n o rm  in  q u e s tio n  - how c lose  to
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"the in n e r m o s t  c o re  o f the b e l ie f  s y s te m "  (R o ke ach , 1 9 7 0 :6 ) .
Second, one cou ld  c o n s id e r  the b e l ie f  s t r u c tu r e  as a c u l t u r a l  e x ­
t e r n a l i t y ,  th a t  is ,  as the nuc leus of the s o c ia l  s y s te m  i t s e l f .  In  th is  
l a t t e r  c a s e ,  the in d iv id u a l  need  not b e l ie v e  in the n o r m  i t s e l f  a t  a l l
but is s im p ly 'c o e r c e d  into  c o n fo rm in g  a c t io n  by the ou ts ide  r e a l i t i e s
7o f  h is  s o c ia l  s i tu a t io n .
One can  r e la te  R o k e a c h 's  c e n t r a l  p e r ip h e r a l  ty p o lo g y  to the  
g ro w th  e th ic  b y  th in k in g  of th is  e th ic  as c e n t r a l  to both the  g r e a t  
m a j o r i t y  in  in d iv id u a ls 1 c u l t u r a l  b e l ie f  s y s te m s  and , in  a d d it io n ,  
c e n t r a l  to a d o m in a n t  and o b je c t iv e ly  e x is t in g  s o c ia l  s y s te m .
L o ve  jo y  (1963 :1 )  m a k e s  an  o b s e rv a t io n  f r o m  the p e rs p e c t iv e  
o f the h is t o r y  o f  p h i lo s o p h ic a l  d o c tr in e s .  H e  notes th a t  id ea  s y s ­
te m s  can  b es t be u n d e rs to o d  by r e la t in g  th e m  to a s in g le  p ro p o s it io n  
o r  u n i t - id e a .  The s y s te m a t ic  d e v e lo p m e n t  of any  w o r ld  v ie w  can  
o n ly  be u n d e r ta k e n  in  r e la t io n  to som e s p e c if ic  p r o b le m  of focus;  
but th e r e  is no w o r ld  v ie w  w h ic h  is a c o m m o n ly  h e ld  t o ta l i ty  o f  b e ­
l ie fs  e x is t in g  in  a v a c u u m , th a t  is ,  th e r e  is no g ro u p  " c o l le c t iv e  
c o n s c io u s n e s s "  th a t  has a l i f e  o f  i ts  own and can r e la te  to any  and  
e v e r y  p r o b le m  in  the w o r ld .
In  s u m m a r y ,  a w o r ld  v ie w  is d e f in e d  as fo l lo w s :
(1) A n  id e o lo g y  is a w o r ld  v iew  h e ld  by the r u l in g  g ro u p  who  
c o n tro ls  the e x is t in g  s o c ia l  o r d e r  and w hose th o u g h t -p ro c e s s e s  , 
s o c ia l  p e rc e p t io n s ,  m e n ta l  m o d e ls  and th e o r ie s  about the s o c ia l
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o r d e r  a r e  c o n d it io n ed  to the m a in te n a n c e .of tha t o r d e r .  In  c o n t r a ­
d is t in c t io n ,  a u to p ia n  w o r ld  v ie w  r e f le c ts  m e n ta l  c o m m itm e n ts  of  
those opposed to  the e x is t in g  s o c ia l  o r d e r .
(2) One can  c o n s id e r  w o r ld  v iew s  e i th e r  as in te r n a l i z e d  
n o r m s  o r  b e l ie fs  h e ld  by the in d iv id u a l  o r  as the nuc leus  o f an  e x ­
ta n t  s o c ia l  s y s te m ,  an  o b je c t i f ic a t io n  o f b e l ie fs  th a t  c o e rc e  the p a r ­
t ic ip a n ts  o f  the s y s te m  in to  c o n fo r m i ty .
(3) F i n a l ly ,  a p a r t ic u la r  w o r ld  v iew  is in te l l ig ib le  o r  capab le  
of s y s te m a t ic  a n a ly s is  o n ly  i f  i t  is r e la te d  to a s p e c if ic  p ro p o s it io n ,  
p r o b le m ,  o r  u n i t - id e a .
4. The M .  I .  T .  S y s te m s  D y n a m ic s  G ro u p  as  
S o c ia l  S y s te m  T h e o r is ts
Th e  q u e s tio n  o f e c o n o m ic  g ro w th  v e rs u s  e c o n o m ic  e q u i l ib r iu m  
is  an  im p o r ta n t  q u e s tio n ,  p e rh a p s  a fu n d a m e n ta l  q u e s tio n  as f a r  as 
the fu tu re  o f  w o r ld  s o c ie ty  is c o n c e rn e d .  L a s z lo  (1973 :3 )  p re s e n ts  
the p r e d ic a m e n t  w h ic h  e v e r y  c o n te m p o r a r y  w o r ld  s y s te m  t h e o r is t  
fa c e s :
The a r g u m e n t  I  a m  ad v an c in g  is th a t  no m o d e l  in  e x i s ­
tence today  is s u f f ic ie n t ly  c o m p le te  and f re e  f r o m  e r r o r  
to w a r r a n t  im p le m e n ta t io n  on a g lo b a l s c a le .  On the  
o th e r  hand , to  w a i t  u n t i l  s u f f ic ie n t ly  s o p h is t ic a te d  m o d e ls  
a r e  d ev e lo p ed  m a y  be le th a l ;  by tha t  t im e  w o r ld  s y s t e m ­
a t ic  p ro c e s s e s  m a y  h ave  s h if te d  to c a ta s tro p h ic  p a th w a y s .
I f  m y  a r g u m e n t  is c o r r e c t ,  i t  is im p r o p e r  to a c t  now , and  
i t  is fo l ly  to w a i t  t i l l  l a t e r .
Thus the p r o b le m  o f e c o n o m ic  g ro w th  m a y  be the c e n t r a l  p r o b le m  of
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the fu tu re ,  but the s o lu t io n  m u s t  co m e  in  the p r e s e n t .
A s id e  f r o m  the su b s ta n tiv e  issue  o f g ro w th  v e rs u s  e q u i l ib r iu m ,  
the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  as s o c ia l  s y s te m  m o d e l - b u i ld e r s  
and th e o r is ts  m e r i t  a fu l l  in v e s t ig a t io n  r e g a r d le s s  o f  w h e th e r  one 
w is h e s  to de f ine  t h e i r  a p p ro a c h  as s c ie n t i f ic  o r  a c t io n - o r ie n te d .
T h e i r  in s ig h ts  in to  the s t r u c tu r e  o f  s o c ia l  s y s te m s  w i th  the m a t h e ­
m a t ic a l  m o d e ls  w h ic h  r e p r e s e n t  th e m  can  not be ta k e n  l ig h t ly .
T h e i r  a p p ro a c h  to the fo l lo w in g  p a r t ic u la r  s o c ia l  s y s te m  
p r o b le m  a r e a s  r e q u ir e s  f u r th e r  s tudy and e la b o ra t io n :
1. C oncepts  o f open and c lo s e d  s y s te m s ;
2. N o n - l i n e a r  v e rs u s  l in e a r  s o c ia l  s y s te m  m o d e ls ;
3. S o c ia l  s y s te m s  as " d y n a m ic  o b je c ts " ,  ob jec ts  w h ic h  have  e x -  
te n t io n  in  t im e  r a t h e r  th an  e x te n s io n  in  space;
4. D e c is io n m a k e r s  " m e n ta l  m o d e ls "  o f s o c ia l  s y s te m s  as the  
c o n tr o l l in g  m e c h a n is m  of the s y s te m  i ts e l f ;
5. A  s o c ia l  s y s te m  as a g ro u p in g  o f p a r ts  th a t  o p e ra te  to g e th e r  
fo r  a c o m m o n  p u rp o se ;
6. The no tion  of a m u l t i p l i c i t y  o f s o c ia l  s y s te m s  each one 
o rg a n iz e d  a ro u n d  a q u e s tio n  a s k e d  by the m o d e l le r ;
7. D e f in i t io n s  o f s y s te m  b o u n d a ry ,  s y s te m  s t r u c tu r e  and s y s ­
te m  r a t io n a l i t y ;
8. T h e  h y p o th es is  th a t  the r a t io n a l  ^choices and a c t io n  o f  the  
sy s te m  d e c is io n m a k e r s  can , in  th e o r y  a t le a s t ,  c o n tr o l  an y  s o c ia l
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s y s t e m .
In  s u m m a r y  th is  p a p e r  is  both a s o c ia l  h is to r y  and an  epis -  
t e m ic  a n a ly s is  o f the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p ,  a c o n c re te  
s o c ia l  g ro u p  who has d e v e lo p e d  a th e o r y  o f  s o c ia l  s y s te m s  th a t  
e x p la in s  the "Coming o r  p ro p o s e d  t r a n s f o r m a t io n  o f w o r ld  s o c ie ty  
f r o m  one o r ie n te d  to w a rd  e c o n o m ic  and p o p u la t io n  g ro w th  to one 
c o m m it te d  to e q u i l ib r iu m .
T h is  p a p e r  focuses not on the su b s ta n tiv e  issue  o f g ro w th  
v e rs u s  e q u i l ib r iu m  i t s e l f  but r a t h e r  the q u e s tio n  o f how d id  th is  
g ro u p  co m e to b e l ie v e  as th e y  do about e c o n o m ic  g ro w th ,  and w h a t  
b a s ic  a s s u m p tio n s  do th ey  m a k e  th a t  a r e  in  o p p o s it io n  to those who  
b e l ie v e  in  p r e s e n t  w o r ld  v a lu es  o f  e c o n o m ic  g ro w th .  The c o n f l ic t  
b e tw e e n  g ro w th  and  e q u i l ib r iu m  has m a n y  e le m e n ts  o f  s o c ia l  s t r u c ­
tu r e  th a t  m a k e  i t  p a r a l l e l  to  the n in e te e n th  c e n tu ry  s tru g g le  b e tw e e n  
the w o r k in g  c la s s e s  and c a p i ta l is t  e l i t e s .  The c o n te m p o r a r y  c o n ­
f l i c t  a g a in  c e n te rs  a ro u n d  the d is t r ib u t io n  o f  c a p i ta l ,  but th is  t im e  
i t  p its  the p r e s e n t  p ro d u c in g  c la s s  a g a in s t  fu tu re  g e n e ra t io n s .
♦
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C H A P T E R  I  E N D N O T E S
1. T h e  C lu b  o f R o m e p lays  an  im p o r ta n t  ro le  in  the d e v e lo p ­
m e n t  o f the th e o r y  o f w o r ld  e q u i l ib r iu m .  T h is  g ro u p  w as  m ad e  up  
o r ig in a l l y  of t h i r t y  w o r ld  p o l ic y m a k e r s  f r o m  ten  d i f f e r e n t  c o u n tr ie s .  
T h e y  m e t  a t  the A c c a d e m ia  d e i  L in c e i  in  R o m e  in  1968 a t  the i n v i t a ­
t io n  of D r .  A u r e l io  P e c c e i ,  an I t a l i a n  in d u s t r ia l  m a n a g e r  and  
e c o n o m is t .  T h e y  s e e m e d  to s h a re  the c o n v ic t io n  that t r a d i t io n a l  
in s t i tu t io n s  and p o l ic ie s  w e r e  not coping w i th  the r e c e n t ly  e m e r g in g  
set o f in te rc o n n e c te d  w o r ld  p ro b le m s  w h ic h  th e y  d e f in ed  as the  
" w o r ld  p r o b le m a t iq u e  " o r  the " p r e d ic a m e n t  o f  m a n k in d .  " I t  w as  
th ro u g h  th is  g ro u p 's  e f fo r ts  th a t  the M .  I .  T .  p r o je c t  c u lm in a t in g  in  
L im i t s  to G ro w th  w as  o rg a n iz e d  and funded . Th e  con nectio n  b e tw e e n  
the C lub  o f R o m e  and the M . I .  T .  s y s te m s  d y n a m ic s  g ro u p  is v ie w e d  
f ro m  a s o c io lo g ic a l  p e rs p e c t iv e  in  C h a p te r  IV .
2. T h e se  in c lu d e  D r .  A l is o n  A .  A n d e r s o n ,  D r .  Jay  M .  
A n d e rs o n ,  I ly a s  B a y a r ,  F a r h a d  H a k im z a d e h ,  D r .  S te f fe n  H a r b o r d t ,  
Jud ith  A .  M a c h e n ,  P e t e r  M i l l i n g ,  N i r m a l a  S. M u r th y ,  R o g e r  F .
N a i l l ,  S tephen S h a n tz is , John A .  S e e g e r ,  M a r i l y n  W i l l i a m s , D r .
E r i c h  K .  O. Z a h n .
3. F o r r e s t e r  c o n s is te n t ly  r e f e r s  to h is  s y s te m s  d y n a m ic  
m o d e l  as a m o d e l  o f a s o c ia l  s y s te m  ( F o r r e s t e r ,  1969a.:120;  
1 9 6 8 :1 -1 ;  1 9 7 1 : V I I a n d  .1). H e  d e f in es  the g e n e r ic  concept " s y s te m s "  
as "a g ro u p in g  o f p a r ts  tha t  o p e ra te  to g e th e r  fo r  a c o m m o n  p u rp o s e "  
(1968 :1  — 1). In  a s o c ia l  s y s te m  th is  n u c leu s  o f p u rp o se  cou ld  be 
d e f in e d  b y  the c o m m u n ity  o f a c to rs  w i t h in  the s y s te m  o r  i t  cou ld  be 
d e f in e d  by  the o b s e r v e r  who s tud ies  the s o c ia l  s y s te m  as F o r r e s t e r  
( 1 9 6 8 :1 -6 )  no tes . In  e i th e r  case  such a d e f in i t io n  o f p u rp o se  s u p ­
p l ie s  the c u l t u r a l  v a lu e s , in te n d ed  o r  u n in ten d ed , w h ic h  m a k e s  o b ­
s e r v a b le  a c t io n  m e a n in g fu l .  P a rs o n s  (1 9 5 1 :5 )  s tre s s e s  the c u l t u r a l  
n a tu re  o f  s o c ia l  s y s te m  va lu es  in  the fo l lo w in g  d e f in i t io n  of a s o c ia l  
s y s te m :
R e d u ced  to the s im p le s t  p o s s ib le  t e r m s ,  th en , a s o c ia l  
s y s te m  c o n s is ts  in  a p l u r a l i t y  o f in d iv id u a l  a c to rs  in t e r  - 
a c t in g  w i th  each  o th e r  in  a s i tu a t io n  w h ic h  has at le a s t  a 
p h y s ic a l  o r  e n v ir o n m e n ta l  a s p e c t;  a c to rs  w ho a r e  m o t i ­
v a ted  in  t e r m s  of a te n d e n c y  to the o p t im iz a t io n  of g r a t i ­
f ic a t io n  and w hose  r e la t io n  to t h e i r  s i tu a t io n s ,  in c lu d in g  
each  o th e r ,  is d e f in ed  and m e d ia te d  in t e r m s  o f  a s y s te m  
of c u l t u r a l l y  s t r u c tu r e d  and s h a re d  s y m b o ls .
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A lth o u g h  B e r g e r  and L u c k m a n  (1 9 6 6 :8 2 ,  note 52) shun the t e r m  
s o c ia l  s y s te m  as su g g es tiv e  o f a fu n c t io n a l  in te g r a t io n  of a n u m ­
b e r  o f u n it  s o c ia l  s y s te m s  in to  one o v e r a l l  s o c ia l  s y s te m ; th e y  do 
d e s c r ib e  the s o c ia l  p ro c e s s  as one of o b je c t i f ic a t io n  of in s t i tu t io n a l  
o r d e r .  T h e re  thus see m s  to be a consensus am ong  F o r r e s t e r ,  
P a rs o n s  and B e r g e r  and L u c k m a n  th a t  th e r e  is a phenom enon of  
o b s e rv a b le  p a t te rn e d  s o c ia l  a c t io n  o rg a n iz e d  a ro u n d  s p e c if ic  c u l ­
t u r a l  v a lu e s .  T h is  phenom enon is c a l le d  a s o c ia l  s y s te m .
4. T h is  h y p o th es is  has ta k e n  d i f f e r e n t  fo r m s  in  d i f f e r e n t  
co n te x ts .  M a r x 's  m o s t  im p o r ta n t  p ro n o u n c e m e n t  on the m a t t e r  is :
In  d i r e c t  c o n tr a s t  to G e r m a n  p h i lo s o p h y  w h ic h  descends  
f r o m  h e a v e n  to e a r th ,  h e re  we ascend  f r o m  e a r th  to h e a v e n . 
T h a t  is to say , w e  do not set out f r o m  w h a t  m e n  say , im a g in e ,  
c o n c e iv e ,  n o r  f r o m  m e n  as n a r r a t e d ,  thought o f, im a g in e d ,  
co n c e iv e d ,  in  o r d e r  to a r r i v e  at m e n  in  the f le s h .  W e set  
out f r o m  r e a l ,  a c t iv e  m e n ,  and on the b a s is  o f th e i r  r e a l  l i f e  -  
p ro c e s s  w e  d e m o n s tra te  the d e v e lo p m e n t  o f the id e o lo g ic a l  
r e f le x e s  and echoes o f th is  l i f e - p r o c e s s  . The  phantom s  
fo r m e d  in  the h u m a n  b r a in  a r e  a ls o ,  n e c e s s a r i ly ,  s u b lim a te s  
of t h e i r  m a t e r i a l  l i f e - p r o c e s s , w h ic h  is e m p i r i c a l l y  v e r i f i ­
ab le  and bound to m a t e r i a l  p r e m is e s .  M o r a l i t y ,  r e l ig io n ,  
m e ta p h y s ic s ,  a l l  the r e s t  o f id e o lo g y  and t h e i r  c o r re s p o n d in g  
fo r m s  o f c o n s c io u s n e s s ,  thus no lo n g e r  r e ta in  the se m b la n c e  
of in d e p e n d e n c e . T h e y  have no h is t o r y ,  no d e v e lo p m e n t;  
but m e n ,  d ev e lo p in g  t h e i r  m a t e r i a l  p ro d u c t io n  and t h e i r  
m a t e r i a l  in te r c o u r s e ,  a l t e r ,  a long  w ith  th is  t h e i r  r e a l  e x i s ­
te n c e ,  t h e i r  th in k in g  and the p ro d u c ts  o f  t h e i r  th in k in g .
L i f e  is not d e te r m in e d  by  con sc iousness  but co n sc iousness  
b y  l i f e .  ( M a r x ,  1 97 0 :47 , o r ig in a l l y  1847).
. M a n n h e im  s ta tes  the h y p o th e s is  in  tw o d i f f e r e n t  w a y s :
The p r in c ip a l  th e s is  of the s o c io lo g y  of kno w ledge  is 
th a t  th e re  a r e  m o d es  o f  thought w h ic h  cannot be a d e q u a te ly  
u n d e rs to o d  as long as t h e i r  s o c ia l  o r ig in s  a r e  o b s c u re d .
I t  is indeed  t r u e  th a t  o n ly  the in d iv id u a l  is cap ab le  o f t h in k ­
ing . T h e re  is no such m e ta p h y s ic a l  e n t i ty  as a g roup  m in d  
w h ic h  th in ks  o v e r  and above the heads  o f  in d iv id u a ls ,  o r  
w hose  ideas  the in d iv id u a l  m e r e l y  re p ro d u c e s .  N e v e r t h e ­
le s s  it  w o u ld  be fa ls e  to deduce f r o m  th is  th a t  a l l  the ideas  
and s e n t im e n ts  w h ic h  m o t iv a te  an in d iv id u a l  have  t h e i r  o r ig in  
in  h im  a lo n e ,  and can  be a d e q u a te ly  e x p la in e d  s o le ly  on the 
b a s is  o f  h is  own l i f e - e x p e r i e n c e . (M a n n h e im ,  .1936:2).
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In  a c tu a l i ty  i t  is f a r  f r o m  c o r r e c t  to a s s u m e  th a t  an i n ­
d iv id u a l  o f  m o r e  o r  le s s  f ix e d  ab s o lu te  c a p a c it ie s  c o n fro n ts  
the w o r ld  and in  s t r iv in g  fo r  the t r u th  c o n s tru c ts  a w o r ld  
v ie w  out o f  the data  o f  h is  e x p e r ie n c e .  N o r  can  w e  b e l ie v e  
tha t  he then  c o m p a re s  h is  w o r ld  v ie w  w ith  th a t  o f o th e r  
in d iv id u a ls  w ho have g a in ed  t h e i r s  in  a s i m i l a r l y  in d ep en d en t  
fash io n , and in  a s o r t  o f d is c u s s io n  the t ru e  w o r ld - v i e w  is  
b ro u g h t  to l ig h t  and a c c e p te d  by  the o th e rs .  In  c o n tra s t  to  
th is ,-  i t  is m u ch  m o r e  c o r r e c t  to say  th a t  kn o w led g e  is f r o m  
the v e r y  beg inn ing  a c o - o p e r a t iv e  p ro c e s s  o f  g ro u p  l i f e ,  in  
w h ic h  e v e ry o n e  unfo lds  h is  kn o w led g e  w i th in  the f r a m e w o r k  
of a c o m m o n  a c t iv i t y ,  a n d .th e  o v e rc o m in g  o f c o m m o n  d i f f i ­
c u lt ie s  ( in  w h ic h ,  h o w e v e r ,  each has a d i f f e r e n t  s h a re ) .  
(M a n n h e im ,  1 93 6 :29 ) .
F r i e d r ic h s  c o m m e n t in g  on K u h n 's  (197 0) S t ru c tu re  of S c ie n t i f ic  
R e v o lu t io n s  notes that:
Its  c e n t r a l  th es is  is th a t  the  c o m m u n a l  l i f e  o f s c ien c es  
r a t h e r  than  be ing  d ic ta te d  by  the f o r m a l  lo g ic  th a t  ju s t i f ie s  
i ts  m eth o d s  o f v e r i f i c a t io n ,  d e m o n s tra te s  c o n s id e ra b le  
a f f in i t y  to the l i f e - c y c l e  o f the p o l i t i c a l  c o m m u n ity .  
( F r i e d r i c h s ,  1970 :1 ).
G o u ld n e r  s ta tes  the h y p o th e s is  as fo l lo w s :
I t  is an  e s s e n t ia l  e le m e n t  in  m y  th e o r y  about s o c io lo g y  
that its  a r t ic u la t e d  th e o r ie s  in  p a r t  d e r iv e  f r o m ,  r e s t  on, 
and a r e  s u s ta in ed  by the u s u a l ly  t a c i t  a s s u m p tio n s  that  
th e o r is ts  m a k e  about the d o m a in s  w ith  w h ic h  th e y  c o n c e rn  
th e m s e lv e s .  A r t ic u la t e  s o c ia l  th e o r y ,  I  s h a ll  h o ld ,  is in  
p a r t  an  e x t r u s io n  f r o m ,  and deve lo ps  in  in te r a c t io n  w i th ,  
the t h e o r is t 's  ta c i t  d o m a in  a s s u m p tio n s .  . B e l ie v in g  th is  
to be the case fo r  o th e r  t h e o r is ts ,  I  s h a ll  be o b lig e d  at 
v a r io u s  po in ts  in  the d is c u s s io n  to p re s e n t  m y  own d o m a in  
a s s u m p tio n s ,  fo r  re a s o n s  o f c a n d o r  as w e l l  as of c o n s is ­
te n c y .  (G o u ld n e r ,  19 7 0 :3 4 ) .
5. A y e r  quotes H u m e  as fo l lo w s :
W hen w e ru n  o v e r  l i b r a r i e s ,  p e rs u a d e d  o f these  p r i n ­
c ip le s ,  w h a t  havoc m u s t  w e m a k e ?  I f  w e take  in  o u r  hand  
a n y  v o lu m e ;  of d iv in i t y  o r  school m e ta p h y s ic s , fo r  in s ta n c e ,  
l e t  us a s k ,  D oes i t  c o n ta in  any  a b s t r a c t  re a s o n in g  c o n c e r n ­
ing q u a n tity  o r  n u m b e r ? N o .  D oes  i t  co n ta in  any e x p e r i -
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m e n ta l  re a s o n in g  c o n c e rn in g  m a t t e r  of fac t  and e x is te n c e  ?
N o . C o m m it  i t  th en  to the f la m e s :  fo r  it  can  c o n ta in  n o th ­
ing but s o p h is t ry  and  i l lu s io n .  (A y e r ,  1 95 9 :10 ) .
6. C o n f l ic t  o f  c a p i ta l is m  v e rs u s  c o m m u n is m  is one in v o lv in g ,  
am ong  o th e r  id e o lo g ie s ,  the p r iv a te  v e rs u s  pub lic  o w n e rs h ip  of  
p r o d u c t io n - ty p e  c a p ita l .  The  c o n f l ic t  w as  and is c a r r i e d  on in  the  
e p is te m ic  b a c k g ro u n d  o f a m u tu a l ly  s h a re d  b e l i e f  o f  a l l  co m b a ta n ts  
in  s ix  b as ic  s u p p o s it io n s :  (1) eco n o m ic  d e v e lo p m e n t:  (2) the c o n ­
t in u in g  r a t io n a l i z a t io n  o f  the m ean s  and in s t i tu t io n s  o f  p ro d u c t io n ;
(3) the a s c e n d a n c y  o f  e c o n o m ic  in s t itu t io n s  o v e r  a l l  o th e r  in s t i t u ­
t io n s ; (4) the  a d v a n c e m e n t  o f kno w ledge  o f sc ie n c e  and tech n o lo g y ;  
and (5) d o m in a t io n  of c o g n it iv e  r a t io n a l i t y  o v e r  a l l  o th e r  thought  
f o r m s .  A  c o n f l ic t  b e tw e e n  tw o s o c ia l  g roups w i t h  t o ta l ly  d i f fe r in g  
w o r ld  v iew s  w o u ld  m o r e  r e s e m b le  a w a r  b e tw e e n  two t r ib e s  tha t  do 
not even  speak  the s a m e  lan g u a g e .
7. One o f  the d is t in g u is h in g  fe a tu re s  of the g ro w th  e th ic  is  
in e s c a p a b le  e x t e r n a l i t y  th a t  fo rc e s  c o n fo rm in g  p a t te rn s  o f  b e h a v io r  
on b e l ie v e r s  and u n b e l ie v e rs  a l ik e .  D u r k h e im  (1 9 4 1 :2 ,  o r ig in a l ly  
1895) d e s c r ib e s  the e x te r n a l  p r e s s u r e s  o f  s o c ia l  s y s te m s  in  d e f in in g  
the concept " s o c ia l  fa c t" :
T h e se  types of conduct o r  thought a r e  not o n ly  e x t e r n a l  to 
the in d iv id u a l ,  but a r e ,  m o r e o v e r ,  endowed w i th  c o e rc iv e  
p o w e r  by v i r tu e  o f  w h ic h  th e y  im p o se  th e m s e lv e s  upon  
h im  independent o f h is  in d iv id u a l  w i l l .
T h is  d e f in i t io n  does not b eg in  to d e s c r ib e  the e x t e r n a l  c o e rc io n  o f  
a te c h n o lo g ic a l  s o c ie ty .  U r b a n  s y s te m s ,  t r a n s p o r t a t io n  s y s te m s ,  
c o m m u n ic a t io n s  s y s te m s ,  a g r i c u l t u r a l  lan d  use s y s te m s  tend  to 
o v e rp o w e r  and c o n tr o l  a l l  o th e r  s o c ia l  s y s te m s  on the one hand  
and " n a t u r a l "  p h y s ic a l  s y s te m s  on the o th e r ;  so th a t  even  the  
study o f such su b jec ts  as h y d ro lo g y  o r  m e te o r o lo g y  o r  o c e a n o g ra p h y  
b e c o m e  m o r e  and m o r e  the s tudy o f te c h n o lo g ic a l  im p a c ts  on the  
once " n a tu r a l"  s y s te m s  in v o lv e d .  ( B e r g e r  and  L u c k m a n ,
196 6 :89 ) .
C H A P T E R  II
C O N C R E T E  S O C IA L  G R O U P S
1. L i f e  H i s t o r y  -  G ro u p  B io g ra p h y
B e r g e r  and L u c k m a n  (1 9 6 6 :1 1 6 )  note the im p o r ta n c e  o f  the  
c o n c re te  g ro u p 's  s o c ia l  s t r u c tu r e  in  the d e v e lo p m e n t  o f c o g n it iv e  
r e a l i t y :
R e a l i t y  is s o c ia l ly  d e f in ed . But the d e f in it io n s  a r e  a l ­
w a y s  e m b o d ie d ,  tha t is ,  c o n c re te  in d iv id u a ls  and groups  
of in d iv id u a ls  s e rv e  as d e f in e r s  o f  r e a l i t y .  To  u n d e r ­
stand the s ta te  o f the s o c ia l ly  c o n s tru c te d  u n iv e rs e  a t  
an y  g iv e n  t im e ,  o r  its  change o v e r  t im e ,  one m u s t  u n d e r ­
stand  the s o c ia l  o r g a n iz a t io n  th a t  p e r m i ts  the d e f in e rs  to  
do t h e i r  d e f in in g .
W h i le  B e r g e r  and L u c k m a n  do not fo l lo w  th is  d ic tu m  by s tudy ing  
c o n c re te  s o c ia l  g ro u p s ,  th e y  c o n c e n tra te  on the in s t i tu t io n a l  n a tu re  
of c o g n it iv e  s t r u c tu r e  (cf. B e r g e r  and K e l l n e r ,  1964; 
and B e r g e r ,  1954). B e r g e r 's  (1965) T o w a rd s  a S o c io lo g ic a l  U n d e r ­
s tand ing  o f P s y c h o a n a ly s is  a p p ro x im a te s  a ‘ g ro u p  b io g ra p h y  of a 
s p e c if ic  s o c ia l  g ro u p  engaged in  a s c ie n t i f ic  e n t e r p r is e ,  and who  
m u s t  c o n c o m m ita n t ly  c o n s tru c t  a th e o r y  o f  s o c ia l  r e a l i t y .  O th e r  
s tud ies  w h ic h  c o n s is t  o f  g ro u p  b io g ra p h ie s  o f c o n c re te  s o c ia l  g roups  
engaged in  s c ie n t i f ic  o r  te c h n o lo g ic a l  e n te r p r is e  in c lu d e  M u l l in s  
(1 9 6 6 ) ,  C ra n e  (1 9 6 9 ) ,  and M i t r o f f  (1974 ).  F r i e d r ic h s  (1 9 7 0 ) ,  
G o u ld n e r  (1 9 7 0 ) ,  and T u r n e r  (1 9 7 4 ) ,  e m p h a s iz e  the g ro u p  c e n te re d
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n a tu re  o f s o c io lo g ic a l  th e o r y  fo r m a t io n .
2 . T h e  C o m p a r a t iv e  Im p o r ta n c e  o f  H i s t o r y  v e rs u s  
S o c ia l  O rg a n iz a t io n  in  a C o n c re te  S o c ia l  G ro u p
Th e  t e r m  w o r ld  v ie w  as c o n c e iv e d  by M a n n h e im  w as  used  to 
r e p r e s e n t  th e 'c o g n i t iv e  s t r u c tu r e s  o r  to ta l  thought ( th a t  m ix tu r e  o f  
in te l le c t u a l ,  s o c ia l  and s p i r i t u a l  phenom ena  tha t  m a k e s  up the c o g ­
n i t iv e  c o m p le x ) ,  of an  h i s t o r ic a l  in d iv id u a l ,  a c o n c re te  g ro u p  o r  a 
" s p i r i t  o f an e r a "  (M a n n h e im ,  1 9 7 1 :x i i ) .  Th e  c e n t r a l
o rg a n iz in g  m o t i f  of a W e lta n s c h a u u n g  v a r ie s  depending  on w h e th e r  
one is c o n s id e r in g  a c o n c re te  g ro u p  o r  a " s p i r i t  o f  an  e r a " .  The  
l a t t e r  d e s c r ib e d  a s o c io c u l tu r a l  m a t r i x  o f  thought o f a l l  g roups in  a 
c o m m o n  c u l t u r a l  space and h i s t o r ic a l  t im e  f r a m e .  A  w o r ld  v ie w  as  
a " s p i r i t  o f  an  e r a "  can  b e c o m e  c o m p re h e n s ib le  o n ly  as an i n t e g r a ­
t io n  o f ideas  focused  a ro u n d  a p a r t i c u la r  p r o b le m ,  a lb e i t  a p r o b le m  
of b ro a d  n a t io n a l  o r  g lo b a l  c o n c e rn .  M a n n h e im  r e m in d s  the student  
of w o r ld  v iew s  th a t  the b a s ic  m e th o d o lo g y  fo r  t h e i r  c o m p re h e n s io n  
is  in te g r a t iv e  in t e r p r e t a t io n  r a t h e r  than a n a ly t ic a l  e x p la n a t io n .
Thus in  r e f e r r i n g  to R e i g l ’s s tudy o f  the h is t o r y  o f  a r t ,  he s ta tes :
A n d  in  t r y in g  to e lu c id a te  in  tu r n  the causes  o f  the 
m u ta t io n s  o f the a r t  m o t iv e ,  w e  m u s t  m a k e  r e f e r e n c e  to 
the eve n  m o r e  fu n d a m e n ta l  fa c to rs  such as Z e i t g e i s t ,
"g lo b a l o u t lo o k "  and the l ik e .  B r in g  these  v a r io u s  s t r a ta  
of c u l tu r a l  l i f e  in  r e la t io n  to each o th e r ,  p e n e tr a t in g  to 
the m o s t  fu n d a m e n ta l  t o ta l i t y  in  t e r m s  o f  w h ic h  the i n t e r ­
connectedness o f  the v a r io u s  b ra n c h e s  o f  c u l t u r a l  s tud ies  
can be u n d e rs to o d  - -  th is  is p r e c is e ly  the ess en ce  o f  the 
p r o c e d u re  o f  in t e r p r e t a t io n  w h ic h  has no c o u n te r p a r t  in
I
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4
the n a tu r a l  sc ie n c e s  - -  the l a t t e r  o n ly  " e x p la in "  th in g s .  
(M a n n h e im ,  1 97 1 :11 ) .
The s t r u c tu r e  o f  the w o r ld  v ie w  o f an  e r a  s e e m s  to hang t o ­
g e th e r  on h i s t o r ic a l  c o n n ec t io n s . W o l f f  in h is  in t ro d u c t io n  of F r o m  
K a r l  M a n n h e im  s t re s s e s  th is  po in t in  a p a r t i c u la r l y  cogent m a n n e r  
by  a s k in g :
. . . w h a t  is  c o m m o n  to the v a r io u s  in te r p r e ta t io n s  o f  the
s am e h is t o r ic a l  p e r io d  th a t  w o u ld  account fo r  t h e i r  m u tu a l  
u n d e r  s ta n d a b i l i ty  . . . L w h a t ]  e le m e n ts  I  a r e l  c o m m o n
to a l l  m e n , by m e a n s  o f  w h ic h  th e y  id e n t i fy  w ith  one a n ­
o th e r  and m a k e  a l lo w a n c e  fo r  the r e la t iv e  . . . ? ( M a n n ­
h e im ,  1 9 7 1 :x x ix ) .
In  c o n tra s t  the w o r ld  v ie w  of a c o n c re te  s o c ia l  g ro u p  is bonded t o ­
g e th e r  by  s o c ia l  s t r u c tu r e  r a t h e r  than  th is  sense o f g e n e r a l  h i s ­
t o r ic a l  u n ity .
The  d is t in c t io n  b e tw e e n  w o r ld  v ie w s  o f an  e r a  and w o r ld  
v ie w s  of a c o n c re te  s o c ia l  g ro u p  is im p o r ta n t  in  th is  p a p e r  because  
the " id e o lo g y  o f  g r o w th "  is  a c o m p o s ite  w o r ld  v ie w  o f  a g r e a t  
n u m b e r  o f  d iv e r s e  g roup s  in  a p a r t ic u la r  h is t o r ic a l  e r a .  The  
u to p ia  of e q u i l ib r iu m ,  on the o th e r  hand , as s o le ly  the p ro d u c t  of  
the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p ,  is  p re s e n te d  in th is  p a p e r .
T he  h is t o r y  of the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  is p r e ­
sen ted  in  C h a p te rs  I I I  and I V .  H ow  does one d e v e lo p  a m e t h o d o lo g i ­
c a l  to o l  th a t  w i l l  expose s t r u c tu r e  of s o c ia l  o r g a n iz a t io n  o f th a t  
g ro u p  in  the p ro c e s s  o f re c o u n t in g  t h e i r  h is to r y ?
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3. D i s c i p l in a r y  M a t r i x
Kuhn (1 9 7 0 :1 8 2 )  uses the t e r m  " d is c ip l in a r y  m a t r i x "  to d e ­
f ine  the to ta l  c o g n it iv e  s t r u c tu r e  o f  a s p e c if ic  s o c ia l  g ro u p , p a r t i ­
c u la r l y  one engaged  in  s c ie n t i f ic  o r  h ig h ly  p r o fe s s io n a l  e n t e r p r is e .
’ H e  r e in fo r c e s  B e r g e r  and L u c k m a n 's  th e s is  o f c o g n it iv e  s t r u c tu r e  
d e v e lo p m e n t  as a p ro d u c t  o f a c o n c re te  s o c ia l  g ro u p  by the fo l lo w in g  
s ta te m e n t :
H a v in g  is o la te d  a p a r t ic u la r  c o m m u n ity  o f s p e c ia l is ts  by  
techn iques  l ik e  those ju s t  d is c u s s e d ,  one m a y  u s e fu l ly  
a s k :  "W hat do its  m e m b e r s  s h a re  tha t accounts  fo r  the
r e la t i v e  fu l ln e s s  of t h e i r  p r o fe s s io n a l  c o m m u n ic a t io n  and  
the r e la t iv e  u n a n im i ty  o f t h e i r  p r o fe s s io n a l  ju d g m e n ts .  "
But fo r  th is  u se , u n l ik e  the ones w e  d is c u s s e d  b e lo w , the  
th e o ru m  is u n a p p r o p r ia te . S c ie n t is ts  th e m s e lv e s  w o u ld  
say tha t  th e y  s h a re  a th e o r y  o r  se t o f  th e o r ie s ,  and I  s h a l l  
be g la d  i f  the t e r m  can  u l t im a t e ly  be r e c a p tu r e d  fo r  t h e i r  
u se . A s  c u r r e n t l y  used  in  p h ilo s o p h y  and s c ie n c e ,  h o w ­
e v e r ,  " th e o r y "  connotes a s t r u c tu r e  f a r  m o r e  l im i t e d  in  
n a tu r e  and scope th an  the one r e q u i r e d  h e r e .  U n t i l  the 
t e r m  can be f re e d  f r o m  its  c u r r e n t  im p l ic a t io n s ,  i t  w i l l  
a v o id  co n fu s io n  to ad o p t  a n o t h e r . F o r  the p re s e n t  p u r ­
poses I  suggest " d is c ip l in a r y  m a t r i x " :  " d i s c i p l i n a r y "
b ec au se  i t  r e f e r s  to the c o m m o n  p o s it io n  of the p r a c t i ­
t io n e r s  o f a p a r t ic u la r  d is c ip l in e ;  " m a t r i x "  because  it  
is  co m p o sed  o f o r d e r e d  e le m e n ts  o f  v a r io u s  s o r ts ,  each  
r e q u i r in g  f u r th e r  s p e c if ic a t io n ,  (u n d e rs c o r in g  not in  o r ig in a l )
The consequent typ o lo g y  of the " d is c ip l in a r y  m a t r i x "  of a s c ie n t i f ic  
e n t e r p r is e ,  as p re s e n te d  in  T a b le  I ,  is thus p re c e d e d  by  the q u a l i ­
f ic a t io n  that the typ o lo g y  r e f e r s  to "a p a r t ic u la r  c o m m u n ity  o f
s p e c ia l is ts  ".
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4. C o n c re te  S o c ia l  G ro u p s  as E p is t e m ic  C o m m u n it ie s  - -  
The F u n c tio n s  of S o c ia l  O rg a n iz a t io n
H o lz n e r 's  (1968 :60 )  t e r m  " e p is te m ic  c o m m u n i ty ' '  is s y n o n y ­
m ous w i th  B e r g e r  and L u c k m a n 's  " c o n c re te  s o c ia l  g ro u p " ,  but the  
f o r m e r  e m p h a s iz e s  the c o m m u n a l  n a tu re  o f  the g ro u p . H e  f u r th e r  
e la b o ra te s  the concept by ap p ly in g  it  p a r t i c u l a r l y  to "a s o c ia l  o r ­
g a n iz a t io n  o f s p e c ia l iz e d  k n o w le d g e "  (1 9 6 8 :1 2 3 ) .  In  o r d e r  to i n d i ­
ca te  m o r e  p r e c is e ly  pur r e f e r e n t s ,  w e  s h a l l  s o m e t im e s  c h a r a c t e r ­
iz e  the M .  I. T .  s y s te m s  d y n a m ic s  g ro u p  as a s c ie n t i f ic  e p is te m ic  
c o m m u n ity  (S E C ).
H o lz n e r  goes on to note tha t  the o r g a n iz in g  p r in c ip le  o f a 
S E C  a r is e s  out of the unique m o d e l l in g  tech n iq u es  and p a ra d ig m s  
th a t  a l lo w  the to ta l  c o g n it iv e  s t r u c tu r e  d e v e lo p e d  w i th in  the SE C  to 
be c o n s id e re d  as an  e n t i ty  unto i t s e l f ,  so m eth in g  d is t in g u is h a b le  
f r o m  the to ta l  g e n e r a l  in te g r a t io n  o f s c ie n t i f ic  kn o w led g e .
One o fte n  th in ks  o f  s c ie n t i f ic  kno w ledge  as som e s o r t  of  
sing le  u n iv e r s a l  e n t i ty .  A s  K uhn  (1 9 7 0 :1 8 6 )  po ints  out, i f  a c o g n i ­
t iv e  s t r u c tu r e  o f  a to ta l  in s t i tu t io n a l  s c ie n t i f ic  e n t e r p r is e  w e r e  
c o m p le te ly  h o m o g e n o u s , i t  w o u ld  be d i f f ic u l t  fo r  c o lleag u e s  o r  
groups  o f c o lle a g u e s  to r e a c t  to a n o m o lie s  o f the d ev e lo p in g  r e ­
s e a rc h  s i tu a t io n  in  n o v e l o r  "h igh r i s k  w a y s " .  The b a la n c e  b e ­
tw e e n  the u n i v e r s i a l i t y  of the s c ie n t i f ic  kn o w led g e  s t r u c tu r e  and its  
continuous b a lk in iz a t io n  p o s s ib ly  acc o u n ts ,  a c c o rd in g  to K uhn , fo r .
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tha t  c o m m u n ity 's  a b i l i t y  to re a c h  con sensu s , but to d is t r ib u te  the 
r is k s  o f  new th e o r ie s  and s c ie n t i f ic  r e v o lu t io n s .
The s o c ia l  o r g a n iz a t io n ,  then , o f  the s c ie n t i f ic  e n t e r p r is e ,  
dem an ds th a t  m e m b e r s  of th a t  e n t e r p r is e  f o r m  in to  s p e c if ic  r e c o g ­
n iz a b le  c o n c re te  s o c ia l  g ro u p s .  The h is t o r y  o f  sc ien c e  is in  p a r t  
one o f c o o p e ra t io n  b e tw e e n  these g roup s  and in  p a r t  c o m p e t i t io n  (cf,  
H a g s t r o m ,  1974).  A s  a b y -p r o d u c t  of th is  s o c ia l  o r g a n iz a t io n ,  no 
one can  speak  w i th  a u th o r i ty  fo r  " s c ie n c e " .  The  c o n f l ic t  b e tw e e n  
" g ro w th "  and  " e q u i l ib r iu m " ,  a c e n t r a l  c o n c e rn  o f th is  th e s is ,  can  
be u n d e rs to o d  as a c o n f l ic t  b e tw e e n  c o m p e tin g  s c ie n t i f ic  g ro u p s ,  
each  ac t in g  as le g i t im a t o r s  o f  c o n tra s t in g  w o r ld  v ie w s .  T h is  in i t ­
s e l f  is no re n d in g  o f  the in s t i tu t io n a l  fa b r ic  o f  s c ie n c e ,  but is n a tu r a l  
to the o n -g o in g  d e v e lo p m e n t  o f  sc ie n c e .
H o lz n e r  (1 968 :12 3 )  d is c u s s e s  how the s o c ia l  o r g a n iz a t io n  of 
a g ro u p  of kn o w led g e  s p e c ia l is ts ,  an  S E C ,  in f lu e n c e s  its  r e a l i t y  
c o n s tru c t io n  w h ic h  i t s e l f  deve lo ps  in  the p ro c e s s  o f s o c ia l  d i f f e r e n ­
t ia t io n .  The fo l lo w in g  m o d i f ic a t io n  o f  H o lz n e r 's  th e s is  is s p e c i f ic ­
a l l y  a p p lic a b le  to s c ie n t i f ic  g ro u p s .
The s o c ia l  o r g a n iz a t io n  o f S E C  is an o u tg ro w th  o f the i n t e r ­
a c t io n  b e tw een  g ro u p  p u rp o se  o r  g ro u p  goals  and the h i s t o r ic a l  
e n v iro n m e n t  in w h ic h  those g oa ls  m u s t  be a c h ie v e d .  F i r s t  the  
S E C  m u s t  have  a u n ity  o f p u rp o se  th a t  sets i t  a p a r t  f r o m  o th er  
s c ie n t i f ic  c o m m u n a l  e n t i t ie s .  Second, the g ro u p  m u s t  d ev e lo p
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w o r k in g  r e la t io n s h ip s  w ith  its  p ro s p e c t iv e  c l ie n ts .  C o n s e q u e n t ly  the  
g ro u p  in ven ts  concepts  and d e f in it io n s  and an a lo g ie s  w h ic h  b r id g e  the  
gap b e tw e e n  the s p e c ia l iz e d  r e a l i t y  o f the g ro u p  e n t e r p r is e  and the  
c o m m o n  sense r e a l i t y  o f  e v e r y d a y  l i f e .  T h i r d ,  th e r e  m u s t  be a 
s e r ie s  o f  m o t e  te c h n ic a l  r e a l i t y  b r id g e s  b e tw een  the S E C  and the  
e n t e r p r is e s  o f the i n t e r r e la t e d  d is c ip l in e s .  F o u r th ,  w h e r e a s  i t  is 
im p o r ta n t  fo r  the g ro u p  to m a k e  c o n tr ib u t io n s  to the g e n e r a l i z e d  
body o f  s c ie n t i f ic  kn o w led g e , it  is m o r e  im p o r ta n t  to m a in ta in  a c e r ­
ta in  p u r i ty ,  a un iqueness  tha t s e p a ra te s  the concepts and o r ig in s  of  
the g ro u p  in  th a t  g e n e r a l  body of kn o w led g e . The g ro u p  i t s e l f  m u s t  
c o m p e te  fo r  s tatus w i t h in  the h i e r a r c h y  o f the m e r i t o c r a c y  of s c ie n ­
t i f i c  a c h ie v e m e n t ,  ju s t  as i n t e r n a l l y  som e f o r m  of h ie r a r c h y  i n e v i t ­
a b ly  e x is ts .  P a rs o n s  and P la t t  (1973 :12  9) a s s e r t  tha t  kn o w led g e  
c o n s tru c t in g  e n t e r p r is e s  a r e  not o rg a n iz e d  a long d e m o c ra t ic  l in e s .  
T h is  s t r a t i f ic a t io n  o f p o s it io n  r e in fo r c e s  the e th n o c e n tr ic  a s p e c t  o f  
k n o w le d g e -s p e c ia l i z e d  s o c ia l  g roups and in te l le c tu a l  s e p a ra t io n  o f  
an y  one S E C  f r o m  its  n e ig h b o r .  F i f t h ,  s o c ia l  o r g a n iz a t io n  im p l ie s  
a p h y s ic a l  locus o f a c t io n .  M e m b e r s  of the g ro u p  have a sense o f  
the g e o g ra p h ic  d o m a in  in  w h ic h  th ey  o p e ra te .
5. S o c ia l  O r g a n iz a t io n  and C o g n it iv e  S t ru c tu re
A  s h a rp  d is t in c t io n  b e tw e e n  the s o c ia l  o r g a n iz a t io n  of a S E C  
and its  c o g n it iv e  s t r u c tu r e  is now c o n s id e re d .  The d is t in c t io n  is  one
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o f the m e th o d o lo g y  of o b s e rv a t io n .  P a rs o n s  (1 9 5 1 :5 )  r e f e r s  to the  
p h y s ic a l ly  o b s e rv a b le  set o f sym b o ls  (a r t i fa c ts )  and p r a c t ic e s  th a t  
bind  the g ro u p  to g e th e r  in to  an u n d e rs ta n d a b le  a c t io n  p a t te rn  as a 
s o c ia l  s y s te m . I t  is an  e x t e r i o r  p h e n om enon . C o g n it iv e  s t r u c tu r e  ' 
co n s is ts  o f the w a y  the g ro u p  o rg a n iz e s  its  c o m m u n a l  kno w ledge  and  
thus i ts  s h a re d  p e r s p e c t iv e  o f the " r e a l  w o r l d 1'. T h e r e  is noth ing  
o b s e rv a b le  in  the p h y s ic a l  sense about c o g n it iv e  s t r u c t u r e .  A s  H u s ­
s e r l  (193 1 :9 2 )  o r ig in a l l y  m a in ta in e d ,  c o g n it iv e  s t r u c tu r e  is a p r i -  
m o r d i a l l y  know n r e a l i t y ,  b ecau se  each  in d iv id u a l  can  e x a m in e  h is  
own by h is  im m e d ia te  e x p e r ie n c e  o f i ts  p re s e n c e .  F r o m  th is  e x ­
p e r ie n c e  one can  in fe r  the p re s e n c e  of l ik e  s t r u c tu r e s  in  o th e r  p e r ­
sons. B y  the p ro c e s s  o f in t e r p r e t a t io n  o r  p h e n o m e n o lo g ic a l  r e d u c ­
t io n ,  the r e s e a r c h e r  can  b u i ld  a c o m p o s ite  p i c t u r e  of the c o g n it iv e  
s t r u c tu r e  o f  a c o n c re te  s o c ia l  g roup  ( H u s s e r l ,  1 9 3 1 :1 0 1 -1 1 0 ;  and  
S c h u tz ,  1 9 6 2 :1 0 4 -1 1 0 ) .
The r e s e a r c h  f o r  th is  th es is  has been  g a th e re d  by both  
m e th o d s ,  i . e .  , the o b je c t iv e  o b s e rv a t io n  of s o c ia l  s t r u c tu r e  and the  
c o n s tru c t io n  of c o g n it iv e  s t r u c tu r e  th rough  the p ro c e s s  of i n t e r p r e ­
ta t io n .  The m o d e l  th a t  e m e rg e s  is not tha t  o f  tw o  d i f f e r e n t  s t r u c ­
tu r e s ,  but o f the sam e s t r u c tu r e  as seen  f r o m  two d i f f e r e n t  m e th o d o ­
lo g ic a l  p e r s p e c t iv e s .  F o r  e x a m p le ,  in  the in s ta n c e  o f the f i f th  in  the  
p re c e d in g  l is t  o f  e le m e n ts  o f s o c ia l  o r g a n iz a t io n ,  the e le m e n t  of  
t e r r i t o r i a l i t y ,  the  in v e s t ig a to r  cou ld  m a k e  a m a p  show ing the s p a t ia l
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lo c a t io n s  o f v a r io u s  in d iv id u a ls  im p o r ta n t  to the d e v e lo p m e n t  of the 
M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p . H e  cou ld  a ls o  i l l u s t r a t e  th ro u g h  
quo ta tions  f r o m  the g ro u p  m e m b e r s  how th ey  r e g a r d e d  M .  I .  T .  and  
the g e n e ra l  C a m b r id g e  m i l i e u .  The w a y  a b u ild in g  is o rg a n iz e d  m a y  
g ive  us the- s a m e  in fo r m a t io n  c o n c e rn in g  the purpose  o f a c o n c re te  
s o c ia l  g ro u p  as w o u ld  a m e m o r a n d u m  of the a r c h i t e c t .  W h a t  
e m e r g e s  then  is a c o m p o s ite  s t r u c tu r e  w ith  a p h y s ic a l ly  o b s e rv a b le  
s o c ia l  s y s te m  and an u n d e rs ta n d in g  of the co g n it iv e  s t r u c tu r e  o f the  
c o n c re te  s o c ia l  g ro u p  in  q u e s tio n .
6. K u h n 's  D i s c ip l in a r y  M a t r i x
The d is c ip l in a r y  m a t r i x  is a m o r e  s p e c ia l iz e d  t e r m  fo r  such  
concepts  as " s t r u c tu r e  of c o n s c io u s n e s s " ,  " s t r u c tu r e  o f  kn o w led g e  ", 
" w o r ld  v ie w " ,  " c o g n it iv e  s t r u c t u r e " ,  " e p is te m ic  s t r u c t u r e ", " s o c io ­
c u l t u r a l  m a t r i x " ,  and s o m e t im e s  s im p ly  " c u l tu r e " .  K u h n 's  (1970:  
182) s p e c ia l  c o n tr ib u t io n  w as to d e v e lo p  th is  co g n it iv e  s t r u c tu r e  in  
a w a y  th a t  w a s  p a r t i c u la r l y  a p p r o p r ia te  fo r  s p e c ia l iz e d  kn o w led g e  
gro u p s  (S E C 's )  w i th in  the d o m a in  of the l a r g e r  s c ie n t i f ic  c o m m u n ity .
K uhn roughs out the e le m e n ts  of the d is c ip l in a r y  m a t r i x  in  a 
p o s ts c r ip t  to h is  S t r u c tu r e  o f S c ie n t i f ic  R e v o lu t io n , s o m e w h a t  as an  
a f t e r  thought to the o r ig in a l  w o r k  (Kuhn, 1 9 7 0 :1 8 2 -1 9 1 ) .  I t  is p r e ­
sen ted  h e r e  in  ta b u la r  fo r m  in  k e e p in g  w ith  the idea  of a m a t r i x .
(See T a b le  I ) .  C a r e  m u s t  be e x e r c is e d  in  ap p ly in g  K u h n 's  c a te g o r ie s
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TABLE I
THE-DISCIPLINARY MATRIX (AFTER KUHN)
THE STRUCTURE OF CONSCIOUS KNOWLEDGE FOR AN EPISTEM IC COMMUNITY OF SCIENTIFIC SPECIALISTS
-
Kuhn's T e rm in o lo g y Subsystem Components Added Kuhn's E lab o ra tio n Significance and Com m ents
1. Sym bolic  G en era l iza tio n s G e n e ra l iz e d  E m p i r ic a l  
Statem ents
A .  Law  - Schema
B. Concepts
" . . .  expressions deployed w ithout question or  
dissent by group m em b ers  which can be re a d i ly  
cast into log ical fo rm . L ike  (x) (y) (z) (b 
(x, y ,z )  or f  = m a or I  = V / R  (Kuhn, 1970:182). 
Symbolic gen era liza tio ns  a re  made up of two  
components:
1. Law  statem ents which a re  " c o rr ig ib le  
p iecem ea l" ,  i .  e. can always be m od if ied  
by fu rth e r  e x p er im en ta l  observation .
2. Defin itions of the symbols deployed w hich  
a re  by th e ir  nature tautologies, that is ,  
objects constituted by group convention so 
as to fo rm  the o f f ic ia l ly  observable " la n d ­
scape" of group perception w here  active  
e m p ir ic a l  observation  can take p lace.  
(Kuhn, 1970:183).
" . . .  the pow er of a science seems  
quite g e n e ra lly  to increase w ith  the 
num ber of sym bolic  genera liza tions  
its  p ra c t i t io n e rs  have at th e ir  d is ­
posal (Kuhn, 1970:183).
2. M e ta p h y s ic a l  P a ra d ig m s Shared com m itm ents  to belie fs  or p a r t ic u la r  , 
m odels , " p re fe r re d  by p erm issab le  analogies  
and m e ta p h o rs " (Kuhn, 1970:184).
3. Values A .  M ethodolog ica l C o n ­
s iderations
B. R e la ting  to the soc ia l  
o rgan iza tion  o f science  
as a whole
C. R e la ting  to the soc ia l  
o rgan iza t ion  of the 
p a r t ic u la r  group
1. To identify  c r is is  or, la te r ,  choose b e ­
tween incom patib le  ways of p rac t ic in g  
th e ir  d isc ip line  (Kuhn, 1970:185).
2. Judgments of accu racy  . . . s im p lic i ty  
consistency, p la u s ib i l i ty  . . . (Kuhn: 
1970:185).
" . . . t o  provide a sense of com m unity  
to na tu ra l sc ientis ts  as a w ho le"  (Kuhn, 
1970:184).
Such values em erge  as a p ro g ram m atic  
statem ent of the sc ientific  ep istem ic  
com m unity . A unique in te rp re ta t io n  of 
the pursu it of cognitive ra t io n a li ty  which  
is the gen era l goal of science. (cf. 
Parsons and P la t t ,  1973).
The im p lic a t io n  of the functional n ec es ­
s ity  of social o rgan iza tion  values in the 
d is c ip l in a ry  m a t r ix  is that each SEC 
m ust in te rn a lly  generate  some m enta l  
m odel of a soc ia l system for group use 
as a w ork ing  m odel so that this SEC
Kuhn's T e rm in o lo g y Subsystem Components Added
3. Va lues (continued) D . R e la ting  to the soc ia l
o rg an iza t io n  of the la r g e r  
society  and p a r t ic u la r ly  
to the e n te rp r is e s  of  
c lien t  groups.
4. P a ra d ig m  as shared
E x am p le  - A n  e x e m p la r
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TABLE I (continued)
Kuhn's E la b o ra t io n Significance and Comments
’’O ther sorts of values exist as w e l l  -  fo r  e x ­
am p le ,  science should (or need not) be 
soc ia lly  useful . . . " (Kuhn, 1970:185).
can re la te  to its  own social env ironm ent.  
This o r ie n ta t io n a lly  perce ived  m odel,  
how ever, can not he lp  but fo rm  a p a r t  
of the dom ain assumptions of the group, 
i f  it would la te r  e m b a rk  on a res e a rc h  
endeavor into ex p lic it  soc ia l system  
m odelling .
W hereas ’’sym bolic  g e n e ra l iz a t io n s ” a re  e m ­
p i r ic a l  statem ents gen era lized  fro m  m any d i ­
v erse  examples a "p a ra d ig m ” in Kuhn's  
te rm in o lo g y  represen ts  the em bodim ent of that  
statem ent as perce ived  by the SEC in  the r e a l  
w o r ld .  I t  is a p ro jec tio n  of the m ode l into the 
l i fe  w o r ld  of the SEC. The a b i l i ty  of a m e m b e r  
of the SEC to l i t e r a l ly  " s e e ” his th e o re t ic a l  
m odels in the r e a l  w o r ld  sets h im  a p a r t  f ro m  
n o n -m e m b e rs .
" In  the absence of such exe m p lars  the laws and 
theories  he has p rev ious ly  le a rn e d  w ould have  
l i t t le  e m p ir ic a l  content (Kuhn, 1970:188).
"The student d iscovers , w ith  or w ithout the a s ­
sistance of his in s tru c to r ,  a w ay to see his  
prob lem  as l ike  a p rob lem  he has a lre a d y  e n ­
countered. Having seen the resem b lance ,  
grasped the analogy between two or m o re  d is ­
t in c t  problem s he can in te r re la te  symbols and 
attach them to nature in ways that have proved  
effective  befo re . The law sketch say f - m a, 
has functioned as a tool, in fo rm in g  the student 
w hat s im i la r i t ie s  to look f o r , s ignaling the 
gestalt in w hich the situation is to be seen. " 
(Kuhn, 1970:189).
"The parad igm  as shared exam ple is 
the c en tra l  e lem ent of what I  now take  
to be the m ost novel and least understood  
aspect of this book. ” (Kuhn: 1970:187).
A n  h is to r ic a l ly  developed shared p a r a ­
digm is the concrete sc ientific  a c h ie v e ­
m ent . . . w hich becomes a "locus of 
pro fess iona l co m m itm en t, " (Kuhn, 1970: 
11), fo r a concrete social group of sp e ­
c ia lis ts  w ith in  the la r g e r  sc ientific  c o m ­
m unity .
A
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too l i t e r a l l y  to the in t e r p r e t a t io n  o f the d e v e lo p m e n t  of a p a r t i c u la r  
s c ie n t i f ic  e n t e r p r is e .
Th e  m e th o d o lo g ic a l  p r o c e d u re  o f  using som e s c h em es  l ik e  
K u h n 's  d is c ip l in a r y  m a t r i x  is  m u c h  the sam e as in  any  c o m m u n ity  
study. S o m e w h e re  in  any  c o m m u n ity  study, be i t  a c o m m u n i ty  of  
s c ie n t is ts  who d e a l in  id e a s ,  o r  a s im p le  p ea san t c o m m u n ity ,  th e r e  
is  a notion  of a c u l tu re  d ev e lo p in g  in  a c o h e re n t  i f  not lo g ic a l  fash io n  
th ro u g h  t im e .  In  th is  v e in ,  A re n s b e .rg  de f in es  a c o m m u n i ty  as "a 
u n it  m in im u m  p o p u la t io n  a g g re g a te  co lony . The c o m m u n i ty  is a 
s t r u c tu r e d  s o c ia l  f ie ld  of in t e r - in d iv id u a l  re la t io n s h ip s  u n fo ld in g  
th ro u g h  t im e .  " (A r e n s b e r g ,  1 9 6 1 :1 2 ) .  P e rh a p s  R e d f ie ld  
(1 9 6 0 :1 0 2 )  bes t c a p tu re d  the u n ify in g  e le m e n t  of p u rp o se  in  a n y  u n ­
fo ld in g  c o m m u n ity  s tudy as fo l lo w s :
T h is  is a s m a l l  h is t o r y  w i th  a c e n t r a l  th e m e :  a p u rp o s e
of a peop le  and its  o u tc o m e . I  do not know i f  th is  th e m e  
w as chosen by m e  f r o m  o th e rs  p o s s ib le ,  o r  i f  i t  fo r c e d  
i t s e l f  on m e as the o n ly  p o s s ib le  o r  a c c e p ta b le  th e m e .  I  
in c l in e  to the l a t t e r  op in ion .
K u hn , to th is  w r i t e r ' s  kn o w le d g e , n e v e r  h im s e l f  d ep lo y ed  h is  own
m a t r i x  to e lu c id a te  the d e v e lo p m e n t  o f any  p a r t ic u la r  c o n c re te  s o c ia l
g ro u p .  H a d  he done so he m ig h t  w e l l  have  r e - o r d e r e d  e le m e n ts
w ith in  the m a t r i x  to f a c i l i t a te  r e s e a r c h .
7. Q u a l i f ic a t io n s  o f a C o n c re te  S o c ia l  G ro u p
In  s u m m a r y  one m ig h t  a s k  w h a t q u a l i f ic a t io n s  an  a g g re g a t io n
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of s c ie n t is ts  m u s t  m e e t  in  o r d e r  to m e r i t  the d e s ig n a t io n  " c o n c re te  
s o c ia l  g ro u p "  o r  " e p is te m ic  c o m m u n i ty " ?  T h e se  q u a l i f ic a t io n s  a r e  
s u m m e d  up as fo l lo w s :
P u rp o s e
(1) A p p e rc e p t io n  of a c o m m o n  fa te  o r  g ro u p  goa ls  - - a  u n i ty  
o f p u rp o se ;
S o c ia l  O rg a n iz a t io n
(2) T e r r i t o r i a l i t y ,  a p h y s ic a l  locus o f s o c ia l  ac t io n ;
(3) C o l le c t iv e  h is t o r y ,  p a r t i c u la r l y  a v is io n  o f  the c o m m o n  
o r ig in  o f m e m b e r s  o f the c o m m u n ity ;
(4) A  p r e s e n t ly  o p e ra t in g  and o n -g o in g  n e tw o r k  o f  c o m m u ­
n ic a t io n s  ;
(5) A  c o m m o n  set o f  g e n e r a l  v a lu e s :
(6) A n  in t e r n a l l y  d e v e lo p e d  sta tus  s y s te m ;
(7) A  sense of in d iv id u a l  c o m m itm e n t  to the g roup  th a t  t r a n s ­
cends the g e n e r a l  c o m m itm e n t  to s c ie n c e ,  p e rh a p s  c o m ­
petes  w ith  i t ;
P u r e  C o g n it iv e  E le m e n ts  of S t ru c tu re
(8) A  c o m m o n  s p e c ia l iz e d  r e a l i t y .  T h a t  is ,  a s p e c ia l  language  
and s p e c ia l  e m p h a s is  and e le v a t io n  of c e r t a in  p a ra d ig m s
at the expense of o th e rs ,  a un iqueness  th a t  sets the p a r t i ­
c u la r  e p is te m ic  c o m m u n ity  a p a r t  f r o m  the b r o a d e r  s c ie n ­
t i f ic  e n te r p r is e ;
(9) L an g u ag e s  concepts  and a n a lo g ie s  th a t  t ie  the g ro u p  to  
in te rc o n n e c te d  d is c ip l in e s  and to e v e r y d a y  r e a l i t y .
T h is  s o r t  o f a n a ly s is  s im p ly  a s s e r ts  the un iquen ess  o f e v e r y  S E C .
In  th is  th e s is ,  K u hn 's  d is c ip l in a r y  m a t r i x  is used  as a t y p o ­
lo g y  o f a n a ly s is  of the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p . The f i r s t
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p e r io d  (C h a p te r  I I I )  d e s c r ib e s  the d e v e lo p m e n t  o f c y b e rn e t ic s  a t  
M .  I .  T .  by N o r b e r t  W ie n e r  and o th e rs  . The second p e r io d  (C h a p te r  
IV )  c a r r i e s  on w i th  the h is t o r y  o f Jay  F o r r e s t e r  and the s y s te m s  
d y n a m ic s  g ro u p  at the M .  I .  T .  S loan  School of M a n a g e m e n t .  The  
s u b -c h a p te r  h ead in gs  fo r m  the to p o lo g ic a l  d iv is io n s  of the m o d if ie d  
m a t r i x .  T a b le  I I  r e la te s  these  d iv is io n s  to K u h n 's  M a t r i x  fo r  the  
W ie n e r  e r a  o f  d e v e lo p m e n t ,  and T a b le  I I I  p e r f o r m s  a s i m i l a r  f u n c ­
t io n  f o r  the F o r r e s t e r  e r a .  I t  dea ls  p r i m a r i l y  w ith  the p e r io d  f r o m  
the sch o o l's  founding in  1956 to the p u b l ic a t io n  of L im i t s  to G ro w th  
in  1972.
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T A B L E  II
W I E N E R ’S C Y B E R N E T I C S
D e v e lo p m e n ta l  Sequence P la c e  in  K u h n 's  D is c ip l in a r y  
M a t r i x
1. T e r r i t o r i a l i t y
2. C o l le c t iv e  H is t o r y
1. F o r r e s t e r  L o o k in g  
B a c k
2. W ie n e r  L o o k in g  
F  o r w a r d
3 . S c ie n t i f ic a t io n  of T e c h n i ­
c a l  E n t e r p r is e s
4. The Gun C o n tr o l  P r o b le m
5. W ie n e r  as a S o c ia l
P h i lo s o p h e r
1. H is  concept of 
s o c ia l  s y s te m s
2. W ie n e r 's  in s ig h ts  
as th e y  r e la te  t o ’ 
g ro w th
3. V a lu e s  - P h y s ic a l  locus o f  
s o c ia l  a c t io n
3. V a lu e s  - A  sense of co m m o n  
o r ig in
3. V a lu e s  - The c o n c re te  s o c ia l
g ro u p 's  s p e c ia l  i n t e r p r e t a ­
t io n  o f c o g n it iv e  r a t io n a l i t y
4. The B a s ic  P a r a d ig m  or S h a re d
E x a m p le  - P o s i t iv e  and N e g a  
t iv e  fe e d b a c k  s y s te m s
2. M e ta p h y s ic a l  P a r a d ig m s
T A B L E  III
T H E  S Y S T E M S  D Y N A M IC S  G R O U P  T A K E S  ON T H E  W O R L D
M O D E L
D e v e lo p m e n ta l  Sequence P la c e  in  K u h n 's  D i s c i p l in a r y  
M a t r i x
1. F o r r e s t e r ' s  D e p a r tu r e  f r o m  
W e in e r  -
R e c o n c e p tu a l iz a t io n  o f  
a S o c ia l  S y s te m
1. S y m b o lic  G e n e r a l iz a t io n s  - 
C oncepts
2. T o w a rd s  a S c ien ce  o f S o c ia l  
S y s te m s  -  .
The e v a lu a t io n  o f s y s te m s
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C H A P T E R  III
' S O C IA L  A N D  H I S T O R IC A L  F O U N D A T IO N S  O F  T H E  
M . I . T .  S Y S T E M S  D Y N A M IC S  G R O U P :
W IE N E R 'S  C Y B E R N E T I C S
1. T e r r i t o r i a l i t y
M e m b e r s  o f e v e r y  c o m m u n i ty  have  a sense of p la c e .  T h is  
is no le s s  t r u e  fo r  a c o m m u n ity  o f  s c h o la rs  w hose t h e o r e t ic a l  i n ­
te r e s ts  c o n c e rn  the s tudy o f s o c ia l  s y s te m s  than  of o th e r  c o m m u n i t ie s .  
T h u s , a m e n ta l  m a p  w i l l  h e lp  lo c a te  the foundations o f  the M .  I .  T .  
s y s te m s  d y n a m ic s  g ro u p  in  both space and t im e .  P h y s ic a l  space  
e x e r ts  s o c ia l  p r e s s u r e s  th a t  a f fe c t  the d e v e lo p m e n t  o f a S E C ;  and  
t h e r e f o r e , t h e  p h y s ic a l  d e s c r ip t io n s  a r e  in te r la c e d  w i th  t h e i r  s o c ia l  
c o n n o ta t io n s .
S ince M .  I .  T .  is  a t  h e a r t  an  e n g in e e r in g  sch oo l,  the g e o g ra p h ic  
la y o u t  cou ld  be c o n c e p tu a l iz e d  as a p lo t  on a p iece  o f  g ra p h  p a p e r .
(See G ra p h  I ) .  M a s s a c h u s e t ts  A v e n u e  is the o rd in a te ,  e x c e p t  th a t  i t  
doglegs to the le f t  a f te r  about th r e e  c i ty  b lo c k s ,  h ea d in g  s t r a ig h t  
to w a rd  H a r v a r d  S q u are  about tw o m i le s  aw ay . M e m o r i a l  D r i v e  is 
the a b s c is s a  and the z e r o - z e r o  po in t  is lo c a te d  a t the in te r s e c t io n  o f  
M a s s a c h u s e tts  A ven u e  and  M e m o r i a l  D r i v e ,  ju s t  a f t e r  one has
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c ro s s e d  the C h a r le s  R iv e r  on the H a r v a r d  B r id g e .  M o s t  o f the h i s ­
t o r y  o f  the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  takes  p la c e  w i t h in  a 
t r i a n g le  beg inn ing  at the M e m o r i a l  D r i v e  and M a s s a c h u s e tts  A v e n u e  
z e r o - z e r o  p o in t .  S loan School o f  M a n a g e m e n t  holds down the r ig h t  
hand  t e r m i n a l  o f the t r ia n g le  on M e m o r i a l  D r i v e .  H e r e  Jay  F o r ­
r e s t e r  d e v e lo p e d  the idea  of a s y s te m s  d y n a m ic s  m o d e l  as a p p ly in g  
to a l l  s o c ia l  s y s te m s .  H a r v a r d  S q u are  f ixe s  the le f t  hand t e r m i n a l  
of the t r i a n g le ,  the leg  th a t  runs  along M a s s a c h u s e tts  A v e n u e .
The R o g e rs  b u ild in g  is  the f i r s t  po in t o f in te r e s t  on o u r  
t r i a n g le .  I t  is about one c i ty  b lo c k  n o r th e a s t  of the z e r o - z e r o  p o in t .  
T h is  is the e n tra n c e  to M .  I .  T .  , and p a r t i c u la r l y  to the c o r e , s t r u c -  
tu r e  o f  the e n t i r e  c a m p u s . T h is  co re  s t r u c tu r e  co n s is ts  o f som e  
t w e n ty - f o u r  s e p a ra te  b u i ld in g s ,  a l l  in te r -c o n n e c te d  w ith  each  o th e r  
to  f o r m  a s in g le  u n it  o f im m e n s e  s p a t ia l  and a r c h i t e c t u r a l  c o m p le x i ty  
and d iv e r s i t y .  L o o k in g  a t  the R o g e rs  b u ild in g  and in te rc o n n e c te d  
b u ild in g s  say , f r o m  the a i r ,  i t  is a h o d g e -p o d g e  o f  squate " 1 9 3 0 's  
m o d e r n "  a r c h i t e c t u r e  a t ta c h e d  h e r e  and  th e r e  to M e is  V a n d e rh o s  
type  h ig h  r is e  b u i ld in g s .  A  huge G r e c ia n  c la s s ic a l  dom e s t ra d d le s  
the  co re  s t r u c tu r e  ju s t  eas t  o f the R o g e rs  b u ild in g  e n tra n c e .  The  
e n t i r e  cam pu s s its  in  the m id d le  o f  the g r im y ,  e a r l y  t w e n t ie t h - 
c e n tu r y - v in t a g e ,  m a n u fa c tu r in g  tow n of C a m b r id g e .
I f  one w o u ld  pass th ro u g h  the R o g e rs  b u ild in g  e n tra n c e  and  
in to  the in te rc o n n e c te d  c o re  b u i ld in g s ,  he w o u ld  have the fe e l in g  he
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had s tu m b le d  onto a r a t ’ s m a z e  o f  c o r r id o r s  le a d in g  o f f  in  d i f fe r e n t  
d ir e c t io n s  at i r r e g u l a r  in t e r v a ls .  One can lo s e  o n e 's  b e a r in g s  
e a s i ly  in  such a c o n f ig u ra t io n  of h a l lw a y s  .
T h is  m a z e  r e p r e s e n ts  s y m b o l ic a l ly  the s t r u c tu r e  of s c ie n ­
t i f ic  kn o w led g e  as i t  a p p e a re d  to N o r b e r t  W ie n e r  w h en  he taught a t  
M . I . T .  and w a lk e d  in  th ese  sam e c o r r id o r s  in  the e a r l y  1 9 4 0 's ,  the  
beg inn ing  o f our t im e  r e f e r e n c e  po in t of the g ro w th  and  d e v e lo p m e n t  
of the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p .  W ie n e r  (1 9 6 5 :2 )  d e s ­
c r ib e d  the " M a p  o f  S c ie n c e "  as fo l lo w s :
T o d a y  th e re  a r e  few s c h o la rs  w ho can c a l l  th e m s e lv e s  
m a th e m a t ic ia n s  o r  p h y s ic is ts  o r  b io lo g is ts  w ith o u t  r e ­
s t r ic t io n .  A  m a n  m a y  be a to p o lo g is t  o r  an  a c c o u s t ic ia n  
o r a c o le o p te r is t .  He w i l l  be f i l le d  w ith  the ja r g o n  of  
h is  f ie ld  and w i l l  know  a l l  i ts  l i t e r a t u r e  and its  r a m i f i c a ­
t io n s ,  b u t,  m o r e  f r e q u e n t ly  than  not, he w i l l  r e g a r d  the  
next su b je c t  as s o m e th in g  be long ing  to h is  c o lle a g u e s  
th re e  doo rs  down the c o r r i d o r ,  and w i l l  c o n s id e r  any .  
in te r e s t  in  i t  on h is  own p a r t  as an u n w a r r a n ta b le  b re a c h  
of p r iv a c y .
T h e s e  s p e c ia l iz e d  f ie ld s  a r e  c o n t in u a l ly  g ro w in g  and i n ­
vad ing  new t e r r i t o r y .  The r e s u l t  is l ik e  w h a t  o c c u r r e d  
w hen the O re g o n  c o u n try  w as be ing  in vad e d  s im u lta n e o u s ly  
by the U n ite d  S tates  s e t t le r s ,  the B r i t i s h ,  the M e x ic a n s ,  
and the R u s s ia n s - - a n  in e x t r ic a b le  tan g le  o f e x p lo r a t io n ,  
n o m e n c la tu r e ,  and la w s .
I t  w as  a lw a y s  W ie n e r 's  p u rp o se  to  e x p lo re  "the b o u n d a ry  r e ­
gions of s c ie n c e ,  " and to m a k e  som e sense out o f  the "O re g o n  
c o u n try "  o f s c ie n c e  in  o r d e r  to b u i ld  i t  in to  an  in te l l ig ib le  in te g ra te d  
e n t i ty .  W ie n e r  w as  not the fo u n d e r  o r  o r ig in a to r  o f s y s te m s  d y n a m ­
ic s .  O n ly  F o r r e s t e r  co u ld  m a k e  that c la im .  H o w e v e r ,  the h i s t o r ic a l
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th r u s t  o f s y s te m s  d y n a m ic s  can h a r d ly  be u n d e rs to o d  w ith o u t ,  an  
e x a m in a t io n  of the p re c e d e n t  h is t o r y  o f  the d e v e lo p m e n t  of c y b e r ­
n e t ic s ,  o r ,  as W ie n e r  c a l le d  i t ,  "the c o n tro l  and c o m m u n ic a t io n  in  
the a n im a l  and the m a c h in e .  " S y s te m s  d y n a m ic s  is an o u tg ro w th  
of c y b e r n e t ic s ,  an  e x te n s io n  of a m o r e  g e n e r a l  p r o g r a m  of u n i f i c a ­
t io n  o f the s c ie n c e s ,  but tha t p a r t ic u la r  e x te n s io n  w h ic h  c o n c e rn s  
i t s e l f  w i th  the s tudy  o f  the b e h a v io r  of s o c ia l  s y s te m s .
B e tw e e n  M .  I .  T .  and H a r v a r d  S q u are  a long  M a s s a c h u s e t ts  
A v e n u e  is A v o n  S t r e e t  w h e r e  N o r b e r t  W ie n e r  l iv e d  as a boy a t the  
t u r n  o f the c e n tu r y .  W h en  he w as  a c h i ld  so m e peo p le  s t i l l  c a l le d  
M a s s a c h u s e tts  A v e n u e  by  its  o ld e r  n a m e ,  N o r t h  A v e n u e .  I t 'w a s  
th en  s t i l l  l in e d  w i th  c o m fo r ta b le  m a n s io n s  o f w e l l - t o - d o  b u s in e s s m e n  
as W ie n e r  (1 9 6 4 :6 0 )  d e s c r ib e d  i t .  C a m b r id g e  then  had  m o r e  of the  
lo o k  and fe e l  o f  a c o u n tr y  c o l le g e  tow n r a t h e r  than  its  l a t e r  a p p e a r ­
ance o f a d i r t y  c o m m e r c ia l  c i ty .
V a n d e r b i l t  H a l l  l ie s  g e o g r a p h ic a l ly  ou ts ide  o f the M .  I .  T .  
H a r v a r d  T r i a n g l e ,  the fo c a l a r e a  of the t e r r i t o r i a l i t y  o f  the M .  I .  T .  
s y s te m s  d y n a m ic s  g ro u p .  I t  is a p a r t  o f  the H a r v a r d  M e d ic a l  
School cam p u s  and l ie s  about one m i le  sou thw est o f the c o o rd in a te  
z e r o  po in t o f our m e n t a l  map.. In  V a n d e r b i l t  H a l l ,  A r t u r o  R o s e n -  
b lu e th  and a n u m b e r  o f  young s c ie n t is ts  m o s t ly  f r o m  the H a r v a r d  
M e d ic a l  School g a th e re d  fo r  d in n e r  at a round  ta b le .  A f t e r w a r d s  
one o f the g ro u p  m e m b e r s ,  o r  p e rh a p s  an  in v i te d  g u e s t,  w o u ld  p r e ­
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sen t a r e s e a r c h  p a p e r .  The  ensu ing  d is c u s s io n  w o u ld  u s u a l ly  be on 
q uestions  o f m e th o d o lo g y  and the con nectio ns  b e tw e e n  the s p e a k e r ’s 
s c ie n t i f ic  d is c ip l in e  and those o f h is  c o l le a g u e s .  M a n u e l  S andova l  
V a l l a r t a ,  a p r o fe s s o r  o f p h y s ic s ,  used  to b r in g  som e o f h is  s tuden ts .  
W ie n e r  w as  a r e g u la r  m e m b e r  o f  the g ro u p .
T h is  V a n d e r b i l t  H a l l  g ro u p  w as p a r t i c u la r l y  in te r e s te d  in  
b r in g in g  the "s c ie n c e s  o f  s o c ia l  n e e d " ,  as K uhn c a l le d  th e m  (1970 :  
19) m o r e  in to  un ison  w ith  the  n a t u r a l  sc ien c es  th ro u g h  the in v e s t ig a ­
t io n  o f and a p p l ic a t io n  o f the s c ie n t i f ic  m e th o d  to t h e i r  r e s p e c t iv e  
w o r k s .
I f  the m a p  o f  s c ien c e  w as  a ju m b le  o f  n a r r o w  d is c ip l in e s  each  
in v a d in g  each  o th e r 's  t e r r i t o r y ,  then  R o s e n b lu e th ,  W ie n e r  and  
o th e rs  in  the g ro u p  re a s o n e d  th a t  the o v e r la p p in g  b o u n d a ry  a r e a s  
o f fe re d  the r ic h e s t  o p p o r tu n it ie s  fo r  in v e s t ig a t io n .  T h e  g ro u p  
d r e a m  w as  one of a t e a m  o f s c ie n t is ts  w o r k in g  to g e th e r  on a s p e ­
c i f ic  p r o je c t .  E a c h  one w o u ld  p o ssess  a s p e c ia l iz e d  c o m p e te n c e .  
O v e r  and above th is ,  each  w o u ld  have  a sound a c q u a in ta n c e  w ith  the  
f ie ld s  o f t h e i r  c o l le a g u e s .
A s  W ie n e r  (1964 :3 )  e x p la in s  i t :
W e had  d r e a m e d  fo r  y e a r s  o f an in s t i tu t io n  of in d e p e n ­
den t s c ie n t is ts ,  w o r k in g  to g e th e r  in  one o f the backw o ods  
o f s c ie n c e ,  not as s u b o rd in a te s  o f  som e g r e a t  e x e c u t iv e  
o f f ic e r ,  but jo in e d  b y  the d e s i r e ,  indeed  by  the s p i r i t u a l  
n e c e s s i ty ,  to u n d e rs ta n d  the re g io n  as a w h o le ,  and  to 
le n d  one a n o th e r  the s t re n g th  o f  th a t  u n d e rs ta n d in g .
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T h is  d r e a m  w as not o f  the A p o l lo - ty p e  o p e ra t io n  w h e r e in  the  
s y s te m s  te a m  is lo c k e d  in to  som e m is s io n  co n c e iv e d  o f by n o n ­
s c ie n t is ts  as be ing  s o c ia l ly  w o r th y  o f p u r s u it .  I t  w a s  a d r e a m  p r e ­
d ic a te d  on a c o m m u n a l  o r g a n iz a t io n  m o r e  r e s e m b lin g  the a r t is a n s  
w h o  g a th e re d 'a b o u t  the foundation  o f the C a th e d r a l  a t  C h a r t r e s  and  
im p a r t e d  to th a t  s t r u c tu r e  t h e i r  own " u n ity  and a s p i r i t  o f  d e v o tio n .  " 
( C la r k ,  1 9 6 9 :5 9 ) .
M .  I .  T .  w as  e s ta b l is h e d  in  1861. One m ig h t  get a s u m m a r y  
v ie w  o f  how the p h y s ic a l  c o n f ig u r a t io n  of the u n iv e r s i t y  has changed  
o v e r  the la s t  100 y e a rs  by r e f e r r i n g  to the fo u n d e r 's  o r ig in a l  s t a t e ­
m e n t  o f  p u rp o se  as quoted in  the  M .  I .  T .  B u l le t in  (1 9 7 4 :2 ) :
W h e re  s tudents  w o u ld  l e a r n  e x a c t ly  and th o ro u g h ly  the  
fu n d a m e n ta l  p r in c ip le s  of p o s it iv e  sc ien c e  w ith  t h e i r  
le a d in g  a p p l ic a t io n s  to the in d u s t r ia l  a r t s  .. . . £and j  
in  those o f the h u m a n it ie s  and s o c ia l  s c ien c es  m o s t  
c lo s e ly  r e la t e d  by m e th o d  o r  co n ten t to m o d e rn  d e v e lo p ­
m e n ts  in  e n g in e e r in g ,  sc ie n c e  and m a th e m a t ic s .
The h is t o r y  of M .  I .  T .  f r o m  its  b eg inn ings  in  1861 to the
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e a r l y  193 0 's  w a s  l a r g e l y  d o m in a te d  by d e v e lo p m e n ts  in  the v a r io u s  
d is c ip l in e s  of a p p l ie d  s c ien c e  - -  e l e c t r i c a l  e n g in e e r in g ,  m e c h a n i ­
c a l  e n g in e e r in g ,  c iv i l  e n g in e e r in g ,  and so fo r th .  B y  the e a r l y  
1930 's  M .  I .  T .  had  d e v e lo p e d  in to  an  a p p l ie d  sc ien c e  sch oo l of som e  
f i f te e n  d i f f e r e n t  d e p a r tm e n ts ,  each  w ith  b u ild in g s  and la b o r a t o r ie s  
of t h e i r  own. F r o m  the po in t o f v ie w  o f  p h y s ic a l  space , p r o b a b ly  
the h e a r t  o f a n y  one o f  these  d is c ip l in a r y  b u ild in g s  w as  its  la b o r a t o r y .
H e r e  the e n g in e e r  o r  o th e r  a p p l ie d  s c ie n t is t  cou ld  g a in  a " h a n d s -o n "  
r e la t io n s h ip  w i th  the m a t e r ia ls  o f  h is  f ie ld .  F o r  in s ta n c e ,  in  the  
c i v i l  e n g in e e r in g  la b o r a t o r y ,  the scene w as  d o m in a te d  by la r g e  
m a t e r i a l  te s t in g  m a c h in e s ,  c o m p r e s s io n  t e s t e r s ,  te n s i le  s tre n g th  
t e s t e r s ,  and p e rh a p s  the u l t im a t e ,  a l a r g e  b e a m  te s t in g  m a c h in e  
w h e re  a r e a l  c o n c re te  o r  s te e l  b e a m  cou ld  be te s te d  by  bending u n t i l  
i t  ru p tu r e d .
The  s e r v o -m e c h a n is m s  la b o r a t o r y  set up in  the e a r l y  19 3 0 's  
u n d e r  the D e p a r tm e n t  of E l e c t r i c a l  E n g in e e r in g  s e e m e d  p e rh a p s  a t  
th a t  t im e  o n ly  a s l ig h t  d e p a r tu r e  f r o m  the t r a d i t io n a l  f o r m a t ,  i ts  
p u rp o se  be ing  to s tudy the b e h a v io r  o f  m e c h a n ic a l  and e l e c t r i c a l  
c o n tr o l  d e v ic e s  and  t h e i r  a p p l ic a t io n  to e n g in e e r in g  p r o b le m s .  F o r ­
r e s t e r  ( in  M .  I .  T .  1972:10 ) h o w e v e r  sees in d u s t r ia l  d y n a m ic s  as an  
o u tg ro w th  o f r e s e a r c h  in s t i tu te d  in  th is  la b o r a t o r y .
A b o u t  th a t  t im e  D r .  V a n n e v a r  Bush and h is  a s s o c ia te s  w e r e  
engaged in  the b u i ld in g  of the Bush d i f f e r e n t ia l  a n a ly z e r ,  a p ro to ty p e  
of the m o d e r n  c o m p u te r .  The  c o m p u te r  in  i t s e l f  is a c o n tro l  d e v ic e ,  
an a p p a ra tu s  w h ic h  can  be in te rp h a s e d  w i th  m e c h a n ic a l  o r  e l e c t r i c a l  
m e c h a n is m s  in  o r d e r  to a c h ie v e  m o r e  s o p h is t ic a te d  fo r m s  of b e ­
h a v io r  au to n o m o u s  f r o m  the m a n u a l  m a n ip u la t io n .  The c o m p u te r , ,  
h o w e v e r ,  w as  a ls o  a v e h ic le  fo r  s im u la t in g  the b e h a v io r  o f m a c h in e s ,  
thus s u b s t i tu t in g  a m a t h e m a t ic a l  m o d e l  f o r  s tudy  o f m a n ip u la t io n  as 
c o n tr a s te d  to the p h y s ic a l  m o d e l  as t r a d i t i o n a l ly  h a n d le d  in  the d is  -
c ip l in a r y  l a b o r a t o r y .  Such a l a b o r a t o r y ,  w i th  its  c a p a b i l i ty  o f  
m a t h e m a t ic a l  s im u la t io n  of p h y s ic a l  p r o b le m s  can , n e v e r th e le s s ,  be 
s t r u c tu r e d  a long  t r a d i t io n a l  l in e s .  A t  M . I .  T .  i t  w a s  the p r o g r e s ­
s ion  f r o m  the t r a d i t io n a l  d is c ip l in a r y  la b o r a t o r y  to the c o m p u te r  
l a b o r a t o r y ,  co u p led  w ith  W ie n e r 's  v is io n  o f  the i n t e r - d i s c i p l i n a r y  
r e s e a r c h  te a m s ,  th a t  began to d o m in a te  the p h y s ic a l  la n d s c a p e  o f  
M . I . T .  in  the 6 0 rs and e a r l y  7 0 's .  One can  thus s u m m a r iz e  the  
p r o g r e s s io n  of the M . I .  T .  la n d sc ap e  as one o f t r a n s i t io n  f r o m  d i s ­
c ip l in a r y  la b o r a t o r ie s  to  c o m p u te r  l a b o r a t o r ie s  to s y s te m s  c e n te r s ,  
th a t  is ,  i n t e r - d i s c i p l i n a r y  g r o u p -o r ie n t e d  r e s e a r c h  c o n c e iv e d  o f as 
c o m p u te r  s im u la t io n  m o d e ls  of " r e a l  l i f e "  p r o b le m s .
W h en  one w a lk s  in to  the S loan School o f M a n a g e m e n t  a t  the  
e x t r e m e  r ig h t  end o f  the M .  I .  T .  t r ia n g le  on M e m o r i a l  D r i v e  one 
can v is u a l iz e  the s ig n if ic a n c e  o f  th is  m i l i e u  by th in k in g  o f  i t  as one 
of the m a n y  s y s te m s  c e n te rs  fo r  the i n t e r - d i s c i p l i n a r y  s tudy  of 
l a r g e r  and m o r e  c o m p le x  s y s te m s  p r o b le m s  - - i n  th is  p a r t ic u la r  
c a s e ,  p e rh a p s  one o r i g in a l l y  n a r r o w ly  focused  on c o r p o ra te  m a n a g e ­
m e n t  and g o v e r n m e n t  b u r e a u c r a t ic  m a n a g e m e n t  p r o b le m s .  In  the  
b a s e m e n t  o f  the S loan  School o f M a n a g e m e n t  b u ild in g  is an  I B M  360  
c o m p u te r .  M o s t  o f  the ro o m s  a r e  o f  a la r g e  s e m in a r - t y p e  w ith  U -  
shaped ta b le s  th a t  sea t  tw e n ty  o r  t h i r t y  and c h a lk b o a rd s  about th e m  
f o r  rough s k e tc h in g  o f m o d e ls .  A n  im p o r ta n t  f e a tu r e  is  the c o m ­
p u te r  t e r m i n a l  th a t  in te rc o n n e c ts  the te a c h in g  and r e s e a r c h  w i th in
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the ro o m  w ith  the c o m p u te r  and its  m u lt i tu d e  o f  p r o g r a m s  in  the  
b a s e m e n t .
The  A l f r e d  P .  S lo a n  School o f  M a n a g e m e n t  M a s t e r ’s P r o g r a m  
B r o c h u r e  (M .  I .  T .  , 1972 :10 )  p a r a p h r a s e s  th is  m o r e  g e n e r a l  h i s t o r i ­
c a l  d e v e lo p m e n t  a t  M . I .  T .  f r o m  d is c ip l in a r y  la b o r a t o r y  to c o m p u te r  
l a b o r a t o r y  to s y s te m s  c e n te r  as fo l lo w s :
I n d u s t r ia l  d y n a m ic s  is the o u tg ro w th  o f  a s e r ie s  o f  d e v e l ­
o pm en ts  p io n e e re d  a t  M . I .  T .  da ting  f r o m  the 1 9 3 0 's .  The  
i n i t i a l  d e v e lo p m e n ts  w e r e  in  the d y n a m ic s  o f  fe e d b a c k  p r o ­
c es ses  e n g in e e r in g  ( s e r v o - m e c h a n is m s ) .  E a r l y  w o r k  
in c lu d e d  the d e v e lo p m e n t  o f  m e c h a n ic a l  and l a s e r  e le c t r o n ic  
d i f f e r e n t ia l  a n a ly z e r s .  T h e n ,  d u r in g  W o r ld  W a r  I I ,  S e r v o -  
M e c h a n is m s  L a b o r a t o r y  o r g a n iz e d  the t h e o r y  o f  fe e d b a c k  
s y s te m s ,  and a p p l ie d  th a t  th e o r y  to the d e s ig n  o f  r e m o te  
c o n tr o l  d e v ic e s  fo r  r a d a r  an tennas  and g u n m o u n ts .  T h is  
w o r k  exp anded  r a p id ly  in  the p o s t - w a r  p e r io d  and  w as  a p p l ie d  
to c h e m ic a l  p la n ts ,  a i r c r a f t ,  a s t r o n a u t ic a l  g u id a n c e ,  and  
m a n y  o th e r  e n g in e e r in g  s y s te m s .  In  1956, J. W .  F o r r e s t e r ,  
w ho had  d i r e c t e d  the d e v e lo p m e n t  o f d ig i ta l  c o m p u te rs  a t  
M .  I .  T .  and p io n e e re d  t h e i r  a p p l ic a t io n  to  m i l i t a r y  c o n tro l  
s y s te m s  and the s im u la t io n  o f c o m p le x  m a c h in e  in t e r a c t iv e  
s y s te m s ,  m o v e d  to the  S loan  School of M a n a g e m e n t  and  b e ­
gan to ex ten d  fe e d b a c k  s y s te m  th e o r y  and s y s te m  s t im u la t io n  
to c o r p o ra te  p o l ic y  s y s te m s ,  l a t e r  b ro a d e n e d  to in c lu d e  
m o r e  g e n e r a l  types  o f  s o c ia l  s y s te m s .  T h is  w o r k  has c o n ­
t in u e d  and exp an d ed , and has been  a p p l ie d  b y  m a n y  o r g a n ­
iz a t io n s  and groups a l l  o v e r  the w o r ld .
One b lo c k  beh ind  the S loan  School of M a n a g e m e n t ,  a m o d e r n  s i x -  
s t o r y  b u i ld in g ,  is a c i r c a  1930 c o n c re te  w a r e h o u s e ,  one o f  m a n y  
l ik e  i t  th a t  sprung up in  c o m m e r c i a l  C a m b r id g e  d u r in g  the u p s u rg e  
in  in d u s t r ia l  d e v e lo p m e n t  fo l lo w in g  W o r ld  W a r  I .  T h is  b u i ld in g  is 
c a l le d  E - 4 0 .  I t  is a ls o  r e f e r r e d  to  as the U r b a n  S y s te m s  L a b o r a ­
t o r y .  I t  w as  h e r e  tha t the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  d e v e lo p e d
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t h e i r  w o r ld  s y s te m s  m o d e l .  N e i t h e r  the S loan School o f M a n a g e m e n t  
n o r  the E - 4 0  b u ild in g  w h ic h  houses the U rb a n  S y s te m s  L a b o r a t o r y  
d o m in a te  e i th e r  the p h y s ic a l  o r  in te l le c tu a l  lan d scap e  o f  M .  I .  T .  
A c c o r d in g  to the M . I .  T .  B u l le t in  (1 9 7 4 :1 0 5 -1 2 4 )  th e r e  a r e  so m e 37 
p r o g r a m s  o r  c e n te rs  fo r  ad v a n c e d  s tudy  o r  l a b o r a t o r ie s  d evo ted  to 
i n t e r - d i s c i p l i n a r y 'p r o j e c t s .  A lth o u g h  the d iv is io n  is s o m e w h a t  a r b i ­
t r a r y ,  12 of these  i n t e r - d i s c i p l i n a r y  un its  m a y  be c o n s id e re d  to be 
s p e c ia l iz a t io n s  of som e b ra n c h  o f a t r a d i t io n a l  d is c ip l in e  such as  
the B a tes  L i n e a r  A c c e l e r a t o r  G ro u p  o r  the C e n te r  fo r  C a n c e r  R e ­
s e a rc h  o r  the C e n te r  fo r  Space R e s e a r c h .  The r e m a in in g  2 5 ,  h o w ­
e v e r ,  r e f le c t  v e r y  m u c h  the " s p i r i t  o f the thought of the t im e "  
( W ie n e r ,  1965:4) of the e a r l y  1940 's  and W ie n e r 's  d r e a m  of te a m s  
of s c ie n t is ts  bound to g e th e r  into i n t e r d is c ip l in a r y  te a m  r e s e a r c h .
T h is  s p i r i t  can p e rh a p s  be bes t i l l u s t r a t e d  by T a b le  I V  w h ic h  l is ts  
14 o f the 2 5 i n t e r - d i s c i p l i n a r y  c e n te rs  o r  l a b o r a to r ie s  w i th  an  
e x c e r p t  e x p re s s iv e  o f the M . I .  T .  m u l t id is c ip l in a r y  s p i r i t .
The  la s t  l a b o r a t o r y  is the t e r r i t o r i a l  d o m a in  of the M .  I .  T .  
s y s te m s  d y n a m ic s  g ro u p  w h ic h  a c tu a l ly  o p e ra te s  as p a r t  o f the  S loan  
Schoo l o f  M a n a g e m e n t .  I t  is  d o m in a te d  by the unique th r u s t  of  
M . I .  T .  as a to ta l  in s t i tu t io n ,  and by N o r b e r t  W ie n e r  and Jay  F o r ­
r e s t e r  w ho a r e  o n ly  p a r t  o f the c a s t  o f e d u c a to rs ,  s c ie n t is ts ,  e n ­
g in e e r s  and te c h n o lo g is ts  of the l a r g e r  e d u c a t io n a l  in s t i tu t io n .
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T A B L E  IV
A  P A R T I A L  L I S T  O F  M . I .  T .  C O M P U T E R  L A B O R A T O R IE S  
R E F L E C T I N G  T H E IR  " S P IR IT  O F  T H O U G H T  O F
T H E  T I M E "
C e n te r Q uota tions
1. C e n te r  fo r  A d v a n c e d  
E n g in e e r in g  Study
The C e n te r  adds a new d im e n s io n  to the  
a c t iv i t ie s  o f  M .  I .  T .  by o f fe r in g  e d u c a ­
t io n a l  p r o g r a m s  w h ic h  a r e  d e s ig n e d  to 
enab le  e x p e r ie n c e d  m e n  and w o m e n  f r o m  
in d u s t r y ,  g o v e r n m e n t ,  and e d u c a t io n a l  
in s t itu t io n s  to a c q u ir e  the u n d e rs ta n d in g  
and s k i l ls  needed  to open te c h n ic a l  
f ro n t ie  r s .
2 . C e n te r  fo r  T r a n s p o r ­
ta t io n  Studies
The C e n te r  has d e v e lo p e d  a sense of 
c o m m u n ity  tha t  p ro m o te s  c o o p e ra t io n ,  
exchange o f id e a s ,  a w id e r  p e r c e p t io n  of  
the o p p o r tu n it ie s  o f a c o m m o n  p u rp o s e .
3. O p e ra t io n s  R e s e a r c h  
C e n te r
O p e ra t io n s  R e s e a r c h  dea ls  w ith  t r a f f i c  
c o n tro l  s y s te m s  r a t h e r  than  the d e s ig n  o f  
c a r s ,  w ith  the m a n a g e m e n t ,  o r g a n iz a t io n ,  
and sch ed u lin g  o f p ro d u c t io n  r a t h e r  th an  
the te c h n o lo g y  of m a c h in e s ;  . . .
4. A r t e r i o - S c l e r o s i s  
C e n te r
I t  is  unique in  th a t  i t  is ru n  by p h y s ic ia n s  
f r o m  M .  I .  T .  and the M a s s a c h u s e tts  G e n ­
e r a l  H o s p i ta l ,  and e n g in e e rs  f r o m  both  
in s t i tu t io n s  and p h y s ic a l  s ites  on both  
sides of the C h a r le s  R iv e r .
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5. A r t i f i c i a l  In te l l ig e n c e  
L a b o r a t o r y
C o g n it iv e  e n g in e e r in g  suggests a fu n d a ­
m e n ta l  r e s p e c t  in  w h ic h  the L a b o r a t o r y 's  
a p p ro a c h  to such p ro b le m s  d i f f e r  f r o m  
th a t  o f  p h i lo s o p h e rs  and p s y c h o lo g is ts :  
the c o g n it iv e  e n g in e e r  t r i e s  to p ro d u ce  
in te l l ig e n c e  ( in  the l a b o r a t o r y ) .
6. C e n te r  fo r  A d v a n c e d  
V is u a l  S tudies
C o l la b o r a t io n  th ro u g h  a w o r k in g  d ia lo g u e  
b e tw e e n  a r t is t s  and s c ie n t is ts  and  e n ­
g in e e rs  is of p r i m a r y  im p o r ta n c e  in  the  
e x p lo r a t io n  of new  c r e a t iv e  o b je c t iv e s .
7. C e n te r  fo r  P o l ic y  
A l t e r n a t iv e s
The C e n te r  a ls o  seeks to f in d  new w ays  
to b e n e f ic ia l ly  connect a te c h n o lo g y  and  
s o c ia l  and e co n o m ic  w e l f a r e  . . .
8. C l in ic a l  R e s e a r c h  
C e n te r
M a n y  r e s e a r c h  p r o je c ts  a r e  in  p r o g r e s s ,  
in c lu d in g  those in  n u t r i t io n ,  p sy c h o lo g y ,  
c a r d io lo g y ,  e n d o c r in o lo g y ,  g a s t r o e n to -  
m o lo g y ,  m e c h a n ic a l ,  c h e m ic a l ,  and  
e l e c t r i c a l  e n g in e e r in g .
9. C o m m o d ity ,  T r a n s ­
p o r ta t io n  and  
E c o n o m ic  
D e v e lo p m e n t  
L a b o r a t o r y
T h is  i n t e r - d e p a r t m e n t a l  l a b o r a t o r y  . . . 
in te r lo c k s  s t r o n g ly  w ith  m a n y  of the d i s ­
p e rs e d  a c t iv i t i e s  r e la te d  to " s o c ia l ,  p o l i t ­
ic a l ,  e c o n o m ic  and le g a l"  a s p e c ts  o f c o m ­
m o d i ty  t r a n s p o r ta t io n  in  an  e f fo r t  to 
d e v e lo p  in te g r a te d  a p p ro a c h e s  to the  
s o lu t ion s  of t r a n s p o r ta t io n  p r o b le m s .
10. D iv is io n  fo r  Study  
and R e s e a r c h  in  
E d u c a t io n
C u r r e n t  r e s e a r c h  foc i in v o lv e s  r e la t in g  
the fo l lo w in g  a r e a s  to d ev e lo p in g  new  
t h e o r e t ic a l  p e rs p e c t iv e s  o f le a r n in g ;  p r o b ­
le m  s o lv in g ,  m o d e l l in g  r e p r e s e n ta t io n s  
and t r a n s f o r m a t io n s  o f in fo r m a t io n  and  
k n o w le d g e ;  g ro u p  p ro c e s s  th e o r y ,  o r g a n -
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i z a t io n a l  le a r n in g  and r e l ia b le  p ro c e s s e s  
fo r  change; in fo r m a t io n  p ro c e s s in g ,  
th e o r ie s  o f p e r c e p t io n  and new te c h n o -  
lo g ie  s .
11. E n e r g y  L a b o r a t o r y The E n e r g y  L a b o r a t o r y  en a b le s  M .  I .  T .  
to  c o n c e n tra te  its  d iv e r s e  in te l le c t u a l  
r e s o u rc e s  on the c o m p le x  s o c ie ta l  issu es  
and te c h n o lo g ic a l  p r o b le m s  in v o lv e d  in  
su p p ly ,  d em an d  and c o n s u m p tio n  of  
e n e rg y .
12. In fo r m a t io n  P r o ­
c es s in g  S e rv ic e s
. . . the c o m p u te r  s e rv e s  in c r e a s in g ly  
as a too l th a t  opens up t o t a l l y  new  w a y s  to 
p ro c e s s  in fo r m a t io n  and p re s e n ts  an  o p ­
p o r tu n i ty  to f o r m u la t e  and th in k  th ro u g h  
both o ld  and c u r r e n t  p r o b le m s  in  w h o l ly  
d i f f e r e n t  w a y s .
13. R e s e a r c h  L a b o r a ­
t o r y  of  
E le c t r o n ic s
E s ta b l is h e d  a t  the end o f W o r ld  W a r  I I  as  
the In s t i tu te 's  f i r s t  in t e r - d e p a r t m e n t a l  
l a b o r a t o r y .
14. U r b a n  S y s te m s  The U r b a n  S y s te m s  L a b o r a to r y ,  as in t e r  -
L a b o r a t o r y  d e p a r tm e n ta l  la b o r a t o r y ,  p ro v id e s  a
f r a m e w o r k  and f a c i l i t y  fo r  con ducting  r e ­
s e a rc h  p r o je c ts  in  the v a r io u s  d is c ip l in e s  
of e n g in e e r in g ,  m a n a g e m e n t ,  a r c h i t e c t u r e ,  
p la n n in g , and the s o c ia l  s c ie n c e s .  W h i le  
the p r in c ip a l  focus is on u rb a n  p r o b le m s ,  
the w o r k  o f  the L a b o r a t o r y  e n c o m p a s s e s  
a w id e  ra n g e  of s o c ie ta l  p r o b le m s .
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2. C o l le c t iv e  H i s t o r y
Jay  F o r r e s t e r  g ives  th r e e  s e p a ra te  accounts  o f the o r ig in s  
of s y s te m s  d y n a m ic s .  The  f i r s t  acc o u n t f r o m  h is  book, W o r ld  D y ­
n a m ic s  (197 1:13) s t re s s e s  the g ro u p  n a tu re  of the h is to r y :
A t  the M a s s a c h u s e t ts  In s t i tu te  o f T e c h n o lo g y , o v e r  the  
la s t  40 y e a r s  th e r e  has d ev e lo p ed  a p o w e r fu l  a p p ro a c h  to 
u n d e rs ta n d in g  the d y n a m ic s  o f c o m p le x  s y s te m s .  The  
foun d a tio n  w as  la id  in the 1930 's  w h e n  V a n n e v a r  Bush b u i lt  
h is  d i f f e r e n t i a l  a n a ly z e r  to so lve  the equ ations  o f  c e r t a in  
s im p le  e n g in e e r in g  p r o b le m s .  Such a set of equations is  
a m o d e l  o f the syste.m th e y  r e p r e s e n t .  Such a m o d e l  de - 
s c r ib e s  the r u le s  that g o v e rn  the s y s te m  b e h a v io r .  Th e  
d i f f e r e n t ia l  a n a ly z e r ,  set up in  a c c o rd a n c e  w ith  the e q u a ­
t io n s  tha t  a r e  the in s t ru c t io n s ,  b e c o m e s  a s im u la to r  to 
t r a c e  the d y n a m ic  b e h a v io r  o f the s y s te m  be ing  s tud ied .
In  tha t s a m e  p e r io d ,  N o r b e r t  W ie n e r  d ev e lo p ed  h is  concept  
of fe e d b a c k  s y s te m s  tha t  w e r e  l a t e r  g iv e n  the n am e  " C y b e r ­
n e t ic s " .  H a r o ld  L .  H a g e n  w r o te  so m e of the f i r s t  in t r o d u c ­
t o r y  p a p e rs  in  the f ie ld  of fe e d b a c k  c o n tr o l  tha t w as  to be 
kno w n as " s e r v o -m e c h a n is m s .  " In  the 1940 's  G o rd o n  S.
B r o w n  c r e a te d  the S e r v o -M e c h a n is m s  L a b o r a t o r y  in  w h ic h  
the  th e o r y  o f fe e d b a c k  s y s te m s  w a s  exp anded , r e c o r d e d ,  
ta u g h t ,  and r a d ia te d .  In  the 1950 's  J. W . F o r r e s t e r ,  a u th o r  
of th is  book, w as d i r e c t o r  of the D ig i t a l  C o m p u te r  Labora^-  
t o r y  and D iv is io n  6 of the L in c o ln  L a b o r a t o r y  w h e re  d ig i ta l  
c o m p u te rs  w e r e  f i r s t  used  fo r  s y s te m s  s im u la to r s ;  and  
s in ce  1956 he and a g ro u p  o f  a s s o c ia te s  a t the M .  I .  T .  A l f r e d  
P . S loan  S chool of M a n a g e m e n t  have  ex ten d ed  the p re c e d in g  
d e v e lo p m e n ts  to  cope w i th  the g r e a t e r  c o m p le x i ty  o f s o c ia l  
s y s te m s  .
F o r r e s t e r ' s  p r e fa c e  to In d u s t r ia l  D y n a m ic s  (1 9 6 1 :v - v i i )  con ta ins  an
a u to b io g r a p h ic a l  account of the h is t o r y  o f s y s te m s  d y n a m ic s :
The r e s e a r c h  r e p r e s e n te d  in  th is  book has e v o lv e d  d i r e c t ly  
f r o m  m y  own e x p e r ie n c e s .  The  c a t t le  ra n c h  o p e ra te d  by  
m y  p a r e n ts ,  M .  M .  and E t h e l  W . F o r r e s t e r ,  a t  A n s e lm o ,  
N e b r a s k a ,  p r o v id e d  m y  f i r s t  e x p o s u re  to b u s in e ss  and to 
the n a tu re  o f c o m m o d ity  m a r k e t s .  T h e  s tudy of e le c t r ic a l
e n g in e e r in g  at the U n iv e r s i t y  o f N e b r a s k a  la id  the fo u n d a ­
t io n  fo r  g ra d u a te  r e s e a r c h .  M y  g ra d u a te  s tudy a t  M .  I .  T .  
w as u n d e r  P r o f e s s o r  G o rd o n  S. B ro w n  who was, then  s t a r t ­
ing the s e r v o -m e c h a n is m s  la b o r a t o r y  in  d e v e lo p in g  the  
concepts  o f in fo r m a t io n - fe e d b a c k  s y s te m s  in  a r e s e a r c h  
p r o je c t  a tm o s p h e re  tha t  gave le a d e r s h ip  e x p e r ie n c e  to 
g ra d u a te  s tudents  and ju n io r  s ta f f .  In  the la te  1 9 4 0 's ,  
the c h a lle n g in g  e n v iro n m e n t  of the M .  I .  T .  D iv is io n  of 
In d u s t r ia l  c o o p e ra t io n  u n d e r  M r .  N a th a n ie l  M c L .  Sage,
S r .  , gave m e  an  o p p o r tu n ity  to p lan  and d i r e c t  w i th  b ro a d  
m a n a g e r ia l  r e s p o n s ib i l i t y ,  the c o n s tru c t io n  o f  W h i r lw in d  
I ,  w h ic h  w as  one of the f i r s t  h igh  speed e le c t r o n ic  d ig i ta l  
c o m p u te rs .  A s  h ead  o f the d ig i ta l  c o m p u te r  d iv is io n  of  
the L in c o ln  L a b o r a t o r y ,  I  had  the o p p o r tu n ity  to m anag e  
a g ro w in g  te c h n ic a l  o r g a n iz a t io n ,  to c o o rd in a te  the e a r ly  
p lan n in g  o f the A i r - F o r c e ' s  S e m i-a u to m a t ic  G ro u n d  E n ­
v i r o n m e n t  (S A G E ) s y s te m  fo r  a i r  d e fen se  and to guide the 
e a r l y  s ra g e s  o f c o m p a n y  in d u s t r ia l  m a n u fa c tu r in g  to b u i ld  
the needed  e q u ip m e n t .  T o g e th e r ,  these  e x p e r ie n c e s  p r o ­
v id e d  the v ie w  o f  m a n a g e m e n t  p ro g le m s  at a l l  le v e ls  as  
w e l l  as the fo u n d a tio n  and the m e th o d o lo g y  o f w h ic h  the book  
is based .
F o r r e s t e r ' s  t h i r d  h i s t o r ic a l  r e n d e r in g  d w e lls  on the d e v e lo p m e n t
a m o r e  g e n e r a l  m o d e l  s t r u c tu r e  of s y s te m s  d y n a m ic s  f r o m  th e i r
m o r e  p a r t ic u la r  and  r e s t r i c t e d  s t r u c tu r e  a p p l ic a t io n  in  e n g in e e r i i
and in d u s t r y  ( F o r r e s t e r ,  1 9 6 9 (a ) : l ) :
T h is  book e x a m in e s  the l i f e  c y c le  o f  an  u r b a n  a r e a ,  using  
the m ethods  o f in d u s t r ia l  d y n a m ic s  th a t  have  been  d e v e l ­
oped at the M .  L  T .  A l f r e d  P .  S loan  School o f M a n a g e m e n t  
s ince  1956. The  t e r m  " in d u s t r ia l  d y n a m ic s "  has b ec o m e  
too r e s t r i c t i v e  b ec au se  the m eth o d s  a r e  a p p l ic a b le  to m a n y  
f ie ld s  o th e r  th an  in d u s t r ia l  m a n a g e m e n t .  The  concepts  of  
s t r u c tu r e  and d y n a m ic s  b e h a v io r  a p p ly  to a l l  s y s te m s  tha t  
change th ro u g h  t im e .  Such d y n a m ic  s y s te m s  in c lu d e  the 
p ro c e s s e s  o f  e n g in e e r in g  s y s te m s ,  b io lo g y ,  s o c ia l  s y s te m s ,  
p s y c h o lo g y ,  e c o lo g y ,  and a l l  those w h e r e  p o s it iv e  and n e g a ­
t iv e  fe e d b a c k  p ro c e s s e s  m a n i fe s t  th e m s e lv e s  in  g ro w th  and  
r e g u la t o r y  a c t io n s .
E a c h  o f these  h i s t o r ic a l  accounts  e m p h a s iz e  the M .  I .  T .  o r ig in  of
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the t h e o r e t ic a l  a p p ro a c h  o f s y s te m s  d y n a m ic s  . P r o p e r  ac k n o w le d g e  ­
m e n t  is g iv e n  to the fo u n d e rs ,  but these  accounts  a r e  n o tab le  in t h e i r  
l a c k  o f som e p a r t i c u la r  founding fa th e r  o r  c h a r is m a t ic  f ig u r e  of  
s y s te m s  d y n a m ic s  t h e o r y .  T h e r e  is no M a r x  " o r  M o s e s "  "o r  
C h r i s t "  o r  " M o h a m m e d "  in the " in -h o u s e "  v e r s io n  of M .  I .  T .  g ro u p  
h is t o r y .  Th e  e m p h a s is  is  e n t i r e ly  m e th o d o lo g ic a l .  P e rh a p s  m o s t  
r e v e a l in g  is the a u to b io g ra p h ic a l  ske tch  of F o r r e s t e r ' s  own b a c k ­
g ro u n d  but w h ic h  in a l a r g e r  sense in d ic a te s  the b a c k g ro u n d  of  
e v e r y  s y s te m s  d y n a m ic is t  w ho m u s t  pass th ro u g h  h is  a p p re n t ic e s h ip  
w ith in  the g ro u p . Th e  c o m m o n  e le m e n ts  o f b a c k g ro u n d  a r e  as 
f o l lo w s :
(1) U n d e r g r a d u a te  e x p e r ie n c e  in  e n g in e e r in g  o r  the h a r d  
s c ie n c e s .
(Z) A  h igh  d e g re e  of m a t h e m a t ic a l  t r a in in g ,  p a r t i c u l a r l y  the  
m a th e m a t ic s  o f a p p l ie d  tech n o lo g y .
(3) A n  a p p re n t ic e s h ip  p e r io d  in  a c o m p u te r  l a b o r a t o r y  w o r k - ,  
ing on in fo r m a t io n  fe e d b a c k  s y s te m s .
(4) M e m b e r s h ip  in  a r e s e a r c h  and d e v e lo p m e n t  te a m  engaged  
in  som e fa c e t  o f  s y s te m s  r e s e a r c h .
(5) A  g ro w in g  co n fid en c e  tha t a l l  s y s te m s ,  n a t u r a l ,  b io lo g i ­
c a l ,  te c h n o lo g ic a l  and s o c ia l  e x h ib it  the s a m e  e le m e n ts  
of s t r u c t u r e .
(6) A n  e m p h a s is  on the p e r s p e c t iv e  tha t s o c ia l  s y s te m s  a r e
to be s tu d ied  as a p ro b le m  of m a n a g e m e n t  by te c h n o ­
lo g ic a l ly  o r ie n te d  p o l ic y  m a k e r s .
The c o m m o n  h is t o r y  p re s e n te d  to the p ro s p e c t iv e  m e m b e r  of  
the s y s te m s  d y n a m ic s  t e a m ,  the student e n te r in g  the S loan  School  
of M a n a g e m e n t ,  p a r t i c u l a r l y  the g ra d u a te  sch o o l,  is  in  e f fe c t  a 
d e s c r ip t io n  of the s o c ia l i z a t io n  p ro c e s s  in to  f u l l - f l e d g e d  g ro u p  
m e m b e r s h ip .  I t  is  a d e s c r ip t io n  o f passage  in to  the g ro u p .  One 
sees a ls o  the c o l le c t iv e  h is t o r y  of the g ro u p  r e v e a le d  in  the d e s c r ip ­
tions  o f  the g ra d u a te  c o u rs e s  fo r  the S loan  School o f  M a n a g e m e n t  
(M .  I .  T . , 197 4:2 9 5 -2  99). The  p r o g r a m  e n p h a s iz e s  such c o u rs e s  as 
a d v a n c e d  c o m p u te r  s y s te m s ,  o p e ra t io n s  p lan n in g  and c o n t r o l  s y s -. 
te rn s ,  p r in c ip le s  o f s y s te m s  d y n a m ic s ,  m a t h e m a t ic a l  e le m e n ts  o f  
p lan n in g  and c o n t r o l ,  and m a n a g e m e n t  and a d m in is t r a t io n .  Th e  o n ly  
tw o  g ra d u a te  c o u rs e s  l is te d  u n d e r  the s e c t io n  e n t i t le d  H i s t o r y  and  
E n v ir o n m e n t  a r e  those in  c r is e s  in  c o n te m p o r a r y  A m e r i c a n  s o c ie ty  
and re a d in g s  in  p o w e r  and r e s p o n s ib i l i t y .  T h e r e  a r e  no c o u rs e s  in  
the c o n v e n t io n a l , , c o n te m p o r a r y  s o c ia l  s c ien c es  but th e r e  a r e  c o u rs e s  
in  o r g a n iz a t io n  th e o r y ,  th e o r ie s  o f  p lanned  change , and s e m in a r s  in  
s o c ia l  p sy ch o lo g y . In  s u m m a r y ,  the s tudy  o f  s o c ia l  s y s te m s  is a 
s p e c ia l  case  o f  the m o r e  g e n e r a l i z e d  s tud ies  o f m a t h e m a t ic a l  s y s te m s  
m o d e ls  f r o m  a m e th o d o lo g ic a l  p o in t  o f v iew  and o f  m a n a g e m e n t  s y s ­
te m s  f r o m  a s tandp o in t  o f a p p l ic a t io n .  To  the m e m b e r  o f  the s y s ­
te m s  d y n a m ic s  g ro u p ,  a w a y  o f  lo o k in g  a t  l i f e  is the s tudy of s o c ia l
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s y s te m s  o r  a s tudy o f  a p p l ie d  m a n a g e m e n t  te c h n o lo g y , ju s t  as the  
s tu d y  o f p h y s ic a l  s y s te m s  w o u ld  be a s tudy of a p p l ie d  e n g in e e r in g  
te c h n o lo g y .  S y s te m s  d y n a m ic s ,  l ik e  c y b e r n e t ic s ,  is  a m a t t e r  o f  
c o n tr o l  of m a n  and m a c h in e .
F u r t h e r  ev id en ce  o f the te c h n o lo g ic a l  b a c k g ro u n d  o f p e r s p e c ­
t iv e  m e m b e r s  o f the s y s te m s  d y n a m ic s  g ro u p  can  be seen  in  the  
p r o f i l e  o f e n te r in g  g ra d u a te  s tuden ts  in  the 197 0 c la s s  o f  the S loan  
School o f  M a n a g e m e n t .  (T a b le  V )
T A B L E  V
P R O F I L E  O F  E N T E R I N G  G R A D U A T E  S T U D E N T S  
M .  I .  T .  S L O A N  S C H O O L  O F  M A N A G E M E N T
U n d e rg ra d u a te  M a j o r . P e r c e n t
E n g in e e r in g 38%
S c ien ce 21%
M a n a g e m e n t 17%
E c o n o m ic s  & P o l i t i c a l  S c ien ce 10%
Bus ine s s 7%
O th e r 7%
T o ta l 100%
(M .  I .  T .  , 1972:24 )
F o r r e s t e r  a p p a r e n t ly  p e r c e iv e s  the h is t o r y  of s y s te m s  d y -
n a m ic s  as synonym ous w i th  the h is t o r y  o f s o c ia l  s y s te m s .  In  fa c t ,  
h i s t o r y  i t s e l f  is an  u n im p o r ta n t  s tu d y  fo r  one a t te m p t in g  to o b ta in  a 
c l e a r ,  c o n c is e  v iew  o f  s o c ia l  s y s te m s .  One is r e m in d e d  o f M e r ­
to n 's  d is c u s s io n  o f h is t o r y  and s y s te m a t ic s  o f s o c io lo g ic a l  th e o r y ,  
and p a r t i c u l a r l y  o f  K e s s le r 's  p r o v o c a t iv e  q u o ta t io n  ( M e r t o n ,  1968:  
28) w h ic h  s ee m s  so m u c h  in  the s p i r i t  o f the s y s te m s  d y n a m ic s  
t r e a t m e n t  o f h is t o r y :
E v e n  the m a s te r p ie c e s  o f s c ie n t i f ic  l i t e r a t u r e  w i l l  in  t im e  
b e c o m e  w o r th le s s  e xc ep t  fo r  h i s t o r ic a l  re a s o n s .  T h is  is  
a b a s ic  d i f fe re n c e  b e tw e e n  the s c ie n t i f ic  and the b e l l e t r i s t i c  
l i t e r a t u r e .  I t  is in c o n c e iv a b le  fo r  a s e r io u s  s tuden t of 
E n g l is h  l i t e r a t u r e ,  fo r  e x a m p le ,  not to have  r e a d  S h a k e ­
s p e a r e ,  M i l t o n  and S co tt .  A  s e r io u s  s tudent o f p h y s ic s  
on the o th e r  hand, can  s a fe ly  ig n o re  the o r ig in a l  w r i t in g s  
o f N e w to n ,  F a r a d a y  and  M a x w e l l .
The studen t of s y s te m s  d y n a m ic s  m u s t  be s a t is f ie d  w i th  the  
v ig n e t te s  p re s e n te d  by  F o r r e s t e r .  T h e y  a r e  p ro b a b ly  a s s ig n e d  as  
a p a r t  o f  the f i r s t  a s s ig n m e n ts  in  the b eg in n in g  of som e e le m e n t a r y  
c o u rs e  and a r e  r e le g a te d  to c o f f e e - b r e a k  c o n v e rs a t io n s .  The r e s u l t  
o f  th is  a p p ro a c h  to the c o l le c t iv e  h is t o r y  o f  s y s te m s  d y n a m ic s  tends  
to p re c lu d e  h is t o r y  i t s e l f  as a p r o p e r  su b je c t  of study.
The fa c t  th a t  s o c ia l  s y s te m s  can  o n ly  be g ra s p e d  th ro u g h  
m a t h e m a t ic a l  a n a ly s is  and m o d e l l in g  tec h n iq u e s  b e c o m e s  an u n d e r l y ­
ing p re s u p p o s i t io n  of the s y s te m s  d y n a m ic s  g ro u p  tha t  can  be ta k e n  
w ith o u t  q u e s tio n  by a l l  m e m b e r s  of the g ro u p . W ie n e r ,  th e n ,  f r o m  
the  po in t o f  v ie w  o f  F o r r e s t e r  lo o k in g  b a c k ,  is w o r th y  o f  c i ta t io n  as
72
one o f the p r e d e c e s s o r s  of s y s te m s  d y n a m ic s ,  but W ie n e r 's  own  
v ie w s  on s o c ia l  s y s te m s  a r e  too f a r  in  the pas t to be o f  r e le v a n c e  to 
the s tudent o f  s y s te m s  d y n a m ic s .  Th e  c o l le c t iv e  h is t o r y  of s y s te m s  
d y n a m ic s  is a t r iu m p h  o f m e th o d o lo g y  and t h e o r y  o v e r  h i s t o r y  i t s e l f .  
B e c a u s e  o f  th is  t r i f l i n g  c o m m itm e n t  to  h is t o r y ,  the notions o f the  
s y s te m s  d y n a m ic s  a p p ro a c h  as the o n ly  a p p ro a c h  to the s o c ia l  s y s ­
te m s  is m o r e  l i k e ly  to be a c c e p te d  as g iv e n  by the g ro u p  in i t ia te .
T h e r e  a r e  o th e r  and opposing h i s t o r ic a l  p e r s p e c t iv e s  o f the  
h is t o r y  o f w h a t  W ie n e r  t e r m s  " c y b e r n e t ic s "  and B e r t a la n f f y  c a l ls  
" g e n e r a l  s y s te m s  t h e o r y " .  T h is  c o n f l ic t  of h is t o r ie s  is  in d ic a t iv e  
of the in h e re n t  c o m p e t i t io n  of c lo s e ly  r e la te d  s c ie n t i f ic  e p is te m ic  
c o m m u n i t ie s ,  each  t r y in g  to p r e s e r v e  and enhance t h e i r  own id e n ­
t i t i e s .  B e r t a la n f f y  (1968 ) does not m e n t io n  F o r r e s t e r ' s  s y s te m s  
d y n a m ic s  in  h is  r e v ie w  o f the fo u n d a tio n s , d e v e lo p m e n t  and  a p p l i c a ­
t ion s  o f g e n e r a l  s y s te m s  th e o r y .  H e  d is c u s s e s ,  h o w e v e r ,  the  
d e v e lo p m e n t  o f  W ie n e r 's  c y b e rn e t ic s  and c o n s id e rs  i t  as one o f  
tw e lv e  d e v e lo p m e n ts  in  g e n e r a l  s y s te m s  th e o r y  ( B e r t a la n f f y ,  1968:  
2 2 ) .  A c c o r d in g  to B e r t a la n f f y ,  gene ra h  s y s te m s  th e o r y  p r e - d a t e s  
c y b e r n e t ic s  and  c y b e r n e t ic s  is m e r e l y  a p a r t  of the l a t e r  in te l le c t u a l  
m o v e m e n t .
S y s te m s  th e o r y  a ls o  is f re q u e n t ly  id e n t i f ie d  w i th  c y b e r ­
n e t ic s  c o n tro l  th e o r y .  T h is  a g a in  is i n c o r r e c t .  C y b e r ­
n e t ic s ,  as the th e o r y  o f c o n tr o l  m e c h a n is m s  and te c h n o ­
lo g y  in  n a tu r e ,  and founded on the concepts  of in fo r m a t io n  
fe e d b a c k ,  is not a p a r t  o f  a g e n e r a l  th e o r y  o f s y s te m s ;
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c y b e rn e t ic s  s y s te m s  a r e  a s p e c ia l  c a s e ,  h o w e v e r  i m p o r ­
ta n t ,  o f s y s te m s  show ing  s e l f - r e g u la t io n  ( B e r t a la n f f y ,
196 8 :17 ) .
In  a n o th e r  p a r a g ra p h  B e r t a la n f f y  (196 8 :1 0 )  s ta te s :
So f a r  as can be a s c e r ta in e d ,  the idea  o f a " g e n e ra l  s y s ­
te m s  t h e o r y "  w as  f i r s t  in tro d u c e d  by the p r e s e n t  a u th o r  
p r i o r  to c y b e r n e t ic s ,  s y s te m s  e n g in e e r in g ,  and  the e m e r ­
gence o f r e la te d  f ie ld s .
P r o b a b ly  one of the m o r e  s u c c in c t  s ta te m e n ts  of the b eg in n in g s  of
g e n e r a l  s y s te m s  th e o r y  is g iv e n  by  B e r t a la n f fy  (1 9 6 8 :9 0 )  in  the
fo l lo w in g :
The  idea  goes b a c k  so m e  c o n s id e ra b le  t im e :  I  p r e s e n te d
it  f i r s t  in  1937 in  C h a r le s  M o r r i s '  p h ilo s o p h y  s e m in a r  at  
the U n iv e r s i t y  o f C h ic a g o .  H o w e v e r ,  a t  th a t  t im e ,  th e o r y  ' 
w as  in  bad re p u te  in  b io lo g y ,  and I  w a s  a f r a id  of w h a t  
G a u s s ,  the m a t h e m a t ic ia n ,  c a l le d ,  " C la m o r  o f  the  
b o e o t ia n s " ,  so I  le f t  m y  d r a f ts  in  the d r a w e r ,  and it  w as  
o n ly  a f t e r  the w a r  tha t  m y  f i r s t  p u b lic a t io n s  on the s u b ­
je c t  a p p e a re d .
W ith o u t  going in to  g r e a t e r  d e ta i l  i t  is a p p a re n t  th a t  each  
s c ie n t i f ic  e p is te m ic  c o m m u n i ty  w r i t e s  its  own c o l le c t iv e  h i s t o r y  to 
the e x c lu s io n  of its  n e a r e s t  r iv a ls .  (W ie n e r ,  1 9 6 5 :1 1 ) .
3. S c ie n t i f ic a t io n  o f T e c h n ic a l  E n t e r p r is e s
The  fu n d a m e n ta l  e le m e n t  o f  co h es io n  fo r  a n y  s o c ia l  g ro u p  is 
g ro u p  p urpo se  o r  g ro u p  g o a ls .  T h e  fac t  tha t a g ro u p  can  e x h ib i t  
so m e  c o m m o n  p u rp o s e  is the c e n t r a l  e le m e n t  d is t in g u is h in g  a g ro u p  
f r o m  an a g g re g a te  o f in d iv id u a ls .  Thus a c le a r  d e f in i t io n  o f th a t  
p u rp o se  is a p r e r e q u is i t e  to  in te r p r e t in g  the m e a n in g fu l  b e h a v io r  of
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the g ro u p .
G ro u p s  in  a c t u a l i t y  e x h ib i t  h i e r a r c h ie s  o f  p u rp o se  in  a s c ie n ­
t i f i c  e p is te m ic  c o m m u n ity .  Th e  h ig h e s t  p u rp o se  c e n te rs  a ro u n d  the  
c o n s tr u c t io n  of kno w ledge  s t r u c t u r e s ,  co h e s iv e  e n t i t ie s  o f  a b s t r a c t  
s y m b o ls  t h a t ' r e p r e s e n t  the a c c u m u la te d  kno w ledge  o f the s c ie n t i f ic  
e n t e r p r is e .  M a n n h e im  r e f e r r e d  to th ese  kn o w led g e  s t r u c tu r e s  as 
’’s y s t e m a t i z a t io n s " (1 9 5 3 :1 5 ) .  P a rs o n s  and P l a t t  (1 9 7 3 :v i )  d is c u s ­
s ing the p u rp o se  o f h ig h e r  e d u c a t io n  in  c o n te m p o r a r y  U n ite d  States  
in  t e r m s  o f the p u r s u it  o f the c u l t u r a l  va lu es  of ’’the c o g n it iv e  c o m ­
p le x "  - -  k n o w le d g e ,  r a t io n a l i t y ,  le a r n in g ,  c o m p e te n c e ,  in te l l ig e n c e  
- -  f u r t h e r  note tha t  th is  c u l t u r a l  co m p o n en t o f  h ig h e r  e d u c a t io n  
r e p r e s e n ts  "the m o s t  c r i t i c a l  s in g le  fe a tu r e  o f the d ev e lo p in g  s t r u c ­
tu r e  o f  m o d e r n  s o c ie ty .  " The c o re  v a lu e  o f  h ig h e r  e d u c a t io n ,  a ls o  
r e f e r r e d  to as " c o g n it iv e  r a t io n a l i t y ,  " can a ls o  be c o n s id e re d  a t  the  
a p e x  o f the h i e r a r c h y  o f  p u rp o se  o f  a s c ie n t i f ic  e p is te m ic  c o m m u n i ty  
such as the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p .  In s t i t u t io n a l i z a t io n  
of h ig h e r  ed u c a t io n , t h e r e f o r e ,  c e n te rs  a ro u n d  a s p e c if ic  set o f  
c o re  c u l t u r a l  va lu es  r e p r e s e n te d  by the c e n t r a l  concept o f c o g n it iv e  
r a t io n a l i t y .
The q u e s tio n  now is how w o u ld  those a t  M .  I .  T .  , p a r t i c u l a r l y  
in  the l in e  o f  s u c c e s s io n  f r o m  N o r b e r t  W ie n e r  to Jay  F o r r e s t e r  and  
beyond  d e f in e  c o g n it iv e  r a t io n a l i t y .  I f  w e  lo o k  a t W ie n e r  (1 9 6 5 :9 )  
w e get a g l im p s e  o f  the type of h i s t o r ic a l  p r o g r e s s io n  tha t  b es t
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e x p re s s e s  the M ,  I .  T .  v ie w  o f  c o g n it iv e  r a t io n a l i t y .
O nce w e  had  done th is ,  a t  le a s t  one p r o b le m  of e n g in e e r ­
ing d e s ig n  to o k  on a c o m p le te ly  new  a s p e c t .  In  g e n e r a l ,  
e n g in e e r in g  d es ig n  had been  h e ld  to be an  a r t  r a t h e r  than  
a s c ie n c e .  . B y  re d u c in g  a p r o b le m  of th is  s o r t  to a m i n i ­
m iz a t io n  p r in c ip le ,  we had  e s ta b l is h e d  the su b jec t  on a 
f a r  m o r e  s c ie n t i f ic  b a s is .  I t  o c c u r r e d  to us that th is  w as  
not an  is o la te d  c a s e ,  but th a t  th e re  w as  a w h o le  re g io n  of 
e n g in e e r in g  w o r k  in  w h ic h  s i m i l a r  d e s ig n  p r o b le m s  cou ld  
be s o lv e d  by  the m eth o d s  of c a lc u lu s  v a r ia t io n s .  . . .  W e  
thus h ave  re p la c e d  the d es ig n  o f  w a v e  f i l t e r s  p ro c e s s e s  
w h ic h  w e r e  f o r m a l l y  o f  an  e m p i r i c a l  and  r a t h e r  h a p h a z a r d  
n a tu r e  by  p ro c e s s e s  w ith  a th o ro u g h  s c ie n t i f ic  ju s t i f ic a t io n .
In  doing th is ,  w e  have m a d e  o f  c o m m u n ic a t io n  e n g in e e r in g  
d es ig n  a s t a t is t ic a l  s c ie n c e ,  a b ra n c h  o f  s ta t is t ic a l  m e c h ­
an ic s  ( W ie n e r ,  1 9 6 9 :9 -1 0 ) .
The r e s e a r c h  g ro u p  m o v e s  an e n g in e e r in g  p r o b le m  f r o m  an  
" e m p i r i c a l  and  r a t h e r  h a p h a z a r d "  s o lu t io n  to one based  on a m a th e  -  
m a t ic a l  m o d e l .  Th e  p ro c e s s  is  one o f r a t io n a l i z a t io n  of te c h n o lo g y .  
B e c k e r  (1 9 7 0 :9 )  used  the t e r m  " s c ie n t iz a t io n "  to d e s c r ib e  such a 
p r o c e s s .  W e suggest " s c ie n t i f ic a t io n  of te c h n iq u e "  as a p h ra s e  
m o s t  d e s c r ip t iv e  o f w h a t  W ie n e r  and h is  a s s o c ia te s  w e r e  a t te m p t in g .
Such a c u l t u r a l  g o a l is qu ite  d i f f e r e n t  f r o m ,  s a y , the 
d e v e lo p m e n t  o f  s c ien c e  i t s e l f ,  w h ic h  im p l ie s  an  e v o lu t io n a r y  b e l i e f  
in  a v e in  s o m e w h a t  s i m i l a r  to the C o m p te a n  n o t io n  of kn o w led g e  
d e v e lo p m e n t  f r o m  r e l ig io n  th ro u g h  p h i lo s o p h y  to s c ie n c e .
W ie n e r  reco u n ts  the th r u s t  o f the g ro u p 's  r e s e a r c h  e x p e r ie n c e  
as fo l lo w s :
#
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T h u s ,  as f a r  b a c k  as fo u r  y e a r s  ago , (1943 ) the g ro u p  of 
s c ie n t is ts  abo u t D r .  R o s e n b lu th  and m y s e l f  h ad  a l r e a d y  
b e c o m e  a w a r e  o f the e s s e n t ia l  u n i ty  o f  a se t  of p ro b le m s  
about c o m m u n ic a t io n s ,  c o n t r o l ,  and s t a t is t i c a l  m e c h a n ic s ,  
w h e th e r  in  the m a c h in e  o r  in  l iv in g  t is s u e .  On the o th e r  
h an d , w e  w e r e  s e r io u s ly  h a m p e r e d  by the la c k  o f u n i ty  o f  
the  l i t e r a t u r e  c o n c e rn in g  these  p r o b le m s ,  and  by the a b ­
sence o f a n y  c o m m o n  t e r m in o lo g y ,  o r  eve n  a s in g le  n am e  
fo r  the fi-eld. A f t e r  m u ch  c o n s id e r a t io n ,  w e  have  com e to 
the c o n c lu s io n  th a t  a l l  o f  the e x is t in g  t e r m in o lo g y  has too  
h e a v y  a b ias  to one s ide  o r  a n o th e r  to  s e r v e  the fu tu re  
d e v e lo p m e n t  of the f ie ld  as w e l l  as i t  should; and as h a p ­
pens so o ften  to s c ie n t is ts ,  w e have  been  f o r c e d  to co in  
a t le a s t  one a r t i f i c i a l  n e o - G r e e k  e x p re s s io n  to f i l l  the gap.
W e  have  d e c id e d  to c a l l  the e n t i r e  f ie ld  of c o n t r o l  and  
c o m m u n ic a t io n  t h e o r y ,  w h e th e r  in  the m a c h in e  o r  in  the  
a n im a l ,  by the n a m e  of cybe r n e t i c s , w h ic h  w e fo r m  f r o m  
the G r e e k  ^  S 'f f lS , o r  s te e r s m a n .  (W ie n e r ,
1 9 6 5 :1 1 ) .
The  q u o ta t io n  e m p h a s iz e s  not so m u c h  the t r a n s i t io n  o f an  
a r t  to a s c ie n c e  as the u n i f ic a t io n  o f  a n u m b e r  o f  p ro b le m s  in to  a 
b as ic  se t o f p r o b le m s  about c o m m u n ic a t io n  c o n t r o l  and s t a t is t ic a l  
m e c h a n ic s , '  in  o th e r  w o r d s ,  the d e te c t io n  of a s in g le  s t r u c tu r e  u n d e r ­
ly in g  a d iv e r s e  set o f p r o b le m s .  T h is  type  o f a c ie n t i f ic  a c c o m p l is h ­
m e n t  is p r e c is e ly  w h a t  K uhn (1 9 7 0 :1 9 )  had  in  m in d  in  h is  concept  
" p a r a d ig m " .  I t  happens th a t  in  the d e v e lo p m e n t  o f c y b e r n e t ic s ,  the  
p r o g r a m m a t ic  c u l t u r a l  e v o lu t io n  of the s c ie n t i f ic a t io n  of tech n iq u e  
and the d e v e lo p m e n t  o f  the b a s ic  p a r a d ig m  o f  c y b e r n e t ic s ,  the f e e d ­
b a c k  m o d e l ,  a p p a r e n t ly  c o in c id e d  in  the s a m e  eve n t  (in  h is t o r ic a l  
t im e ) .  K uhn (1 9 7 0 :1 9 )  s ta te s :
In  the s c ie n c e s  (though not in  f ie ld s  l ik e  m e d ic in e ,  t e c h ­
n o lo g y , and la w  of w h ic h  the p r in c ip le  r e a s o n  d 'e t r e  is an  
e x t e r n a l  s o c ia l  n e e d ),  the f o r m a t io n  of s p e c ia l iz e d  j o u r -
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n a ls ,  the  fo u n d a tio n  of s p e c ia l is t  s o c ie t ie s ,  and  the c la im  
fo r  a s p e c ia l  p la c e  in  the c u r r i c u lu m  h av e  u s u a l ly  been  
a s s o c ia te d  w i th  a  g ro u p 's  f i r s t  re c e p t io n  of a s in g le  p a r a ­
d ig m .  A t  le a s t  th is  w as  the case b e tw e e n  the t im e  a c e n ­
t u r y  and a h a l f  ago w h en  the in s t i tu t io n a l  p a t t e r n  o f  s c ie n ­
t i f ic  s p e c ia l i z a t io n  f i r s t  d ev e lo p ed , and of a r e c e n t  t im e  
w h e n  the; p a r a p h e n e l ia  o f a s p e c ia l i z a t io n  r e q u i r e d  a p r e s ­
t ige  of t h e i r  own.
I t  w as  in  these  v e r y  "s c ie n c e s  o f s o c ia l  n e e d "  th a t  the p a r a d ig m  of  
the fe e d b a c k  m e c h a n is m  a r o s e  and c o n c u r r e n t ly  b e c a m e  both the  
c e n te r  o f  the n u c leu s  o f  p r o g r a m  o f  the s p e c ia l iz e d  g ro u p s  in v o lv e d  
and the m o d e l  p a r a d ig m  of those sam e  g ro u p s .  The p u rp o s e  o f the  
g ro u p , as w i th  the c o l le c t iv e  h is t o r y  o f the g ro u p , is o ften  thought of  
as a h i s t o r ic a l  ta le .  I t  m a y  be one e x p e r ie n c e d  b y  the m e m b e r  h i m ­
s e l f  o r  i t  m a y  be a r e c i t a t io n  of the an te c e d e n ts  o f  the g ro u p  h is t o r y  
i t s e l f .  W ie n e r 's  (1 9 6 5 :3 8 )  v ie w  o f  the l a t t e r  is p a r a p h r a s e d  as 
f o l lo w s :
The thought o f  e v e r y  age is r e f le c te d  in  i ts  te c h n iq u e .  The  
f i r s t  e n g in e e rs  to d ra w  t h e i r  n o u r is h m e n t  f r o m  s c ien c e  
r a t h e r  th an  the c o l le c t iv e  e x p e r ie n c e s  of c o m m o n  sense  
w e r e  the la n d  s u r v e y o r s ,  a s t r o n o m e r s ,  and n a v ig a to r s  o f  
the 15th and  16th c e n tu r ie s .  T h e se  w e r e  fo l lo w e d  by the  
c lo c k  m a k e r s  and g r in d e r s  o f le n s e s  in  the 17th and e a r l y  
18th c e n tu r ie s .  The p r e c is io n  w a tc h  in  p a r t i c u la r ,  c o u p ­
le d  w i th  the te le s c o p e ,-  m a d e  p o s s ib le  the age o f n a v ig a t io n  
a f t e r  the m o d e l  of H yg en s  and N e w to n .  T h is  w a s  the p e r io d  
of c o m m e r c e  on the g r e a t  o ce an , a r e s u l t  o f the e n g in e e r in g  
of the m e r c a n t i l i s t .  I t  set the stage fo r  the in d u s t r ia l  r e v o ­
lu t io n  w h e n  the m a n u f a c t u r e r  su cceed ed  the m e r c h a n t  and  
the  s te a m  eng ine  su cceed ed  the c h r o n o m e te r .  The c e n t r a l  
f ie ld  of e n g in e e r in g  h e r e  is the s tudy  o f p r im e  m o v e r s ,  tha t  
i s ,  s te a m  e n g in e s ,  s te a m  t u r b in e s ,  and w a t e r  tu rb in e s .
L a t e r  on in  the 18th c e n tu r y  the  sc ie n c e  o f th e r m o -d y n a m ic s  
w as  p a r a l l e le d  by  the s c ien c e  o f e l e c t r ic  c u r r e n t s  and  the
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dyn am o  w as  added  to  the s te a m  engine in  an  e v e r - e x p a n d ­
ing r e p e r t o i r e  o f p r im e  m o v e r s .
T h e  b a s ic  u n it  of th is  p r o g r e s s io n  of p h y s ic a l  s c ien c es  is now and
has  a lw a y s  been  e n e rg y .  B u t W ie n e r  now s ta te s :
T h e re  is in  e l e c t r i c a l  e n g in e e r in g  a s p l i t  w h ic h  is kno w n  
in  G e r m a n y  as the s p l i t  b e tw e e n  the tech n iq u e  o f s tro n g  
c u r r e n ts  and the te c h n iq u e  o f w e a k  c u r r e n t s ,  and w h ic h  w e  
know  as the d is t in c t io n  b e tw e e n  p o w e r  and c o m m u n ic a t io n  
e n g in e e r in g .  ( W ie n e r ,  1 9 6 5 :3 9 ) .
The  new e n g in e e r in g  r e q u i r e d  a new s c ien c e  fo r  i ts  u n d e rp in n in g ,  a
sc ie n c e  b ased  on a c o m p le t e ly  d i f f e r e n t  un it  o f m e a s u r e ,  th a t  is ,
in fo r m a t io n  r a t h e r  th a n  e n e rg y .
C y b e r n e t ic s  is the  p r o g r a m m a t ic  d e v e lo p m e n t  o f the s c ie n -  
t i f ic a t io n  of tech n iq u e s  b as ed  on in fo r m a t io n  as the b a s ic  u n it  of  
a n a ly s is .  The  M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  is a c o n t in u a t io n  of 
th is  s a m e  h i s t o r ic a l  d e v e lo p m e n t ,  us ing  in fo r m a t io n  as the u n it  of  
a n a ly s is  and the b a s ic  fe e d b a c k  loop as the e le m e n t  o f s t r u c t u r e  in  
t h e i r  m o d e ls .  The  M . I .  T .  s y s te m s  d y n a m ic s  g ro u p  takes  i ts  po in t  
of d e p a r tu r e  f r o m  c y b e r n e t ic s ,  a t  le a s t  as W ie n e r  c o n c e iv e d  i t ,  
w h e n  it  focuses  its  s c ie n t i f ic a t io n  p r o g r a m  and in fo r m a t io n  fe e d b a c k  
p a r a d ig m  on the concept o f  " s o c ia l  s y s te m " .
4. The  G un C o n tr o l  P r o b le m
The p a r a d ig m  o r  " s h a re d  e x e m p la r " ,  to  use K u h n 's  t e r m i n ­
o lo g y , p laces  the g e s ta l t  o f  a p a r t ic u la r  m o d e l  in to  the  eye o f the
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o b s e r v e r .  B y  i ts  v e r y  n a tu re  i t  m u s t  p re c e d e  p e r c e p t io n  i t s e l f .  I t  
m a y  be b u i l t  up in  the c o u rs e  o f n u m e ro u s  p re c e d in g  p e r c e p t io n s ,  
th a t  is ,  a c o n t in u a l ly  e v o lv in g  g e s ta l t .  But the po in t is ,  it  is a c o n ­
d i t io n  p re c e d e n t  to p e r c e p t io n  r a t h e r  th a n  a consonant w i t h  i t ,  a l ­
though it  is e x p e r ie n c e d  as an im m e d ia t e  ou ts ide  r e a l i t y .  The  e x p e r i ­
ence is ana log ous  to '’p r o j e c t io n 11 in  the F r e u d ia n  sense; th a t  is ,  i t  
r e la te s  to a t r a n s f e r r a l  o f an  in n e r  e x p e r ie n c e  in to  ou ts ide  r e a l i t y .
T h is  p a p e r  is not c o n c e rn e d  w i t h  ju s t  how these  g e s ta l ts  a r e  fo r m e d ,  
but r a t h e r  w ith  the p a r t i c u la r  g e s ta l ts ,  m e n ta l  m o d e ls ,  o r  p a r a d ig m s  
th a t  u n d e r l ie  c y b e rn e t ic s  and s y s te m s  d y n a m ic s .
The p a r t i c u la r  a p p l ic a t io n  o f  the b a s ic  p a r a d ig m  o f  c y b e r ­
n e t ic s  fo r e m o s t  in  W i e n e r ’ s (1 9 6 5 :7 )  m in d  is the gun c o n t r o l  p r o b ­
le m ,  H e  m e n t io n s  i t  f i r s t  in  the in t ro d u c t io n  to c y b e r n e t ic s .  A g a in  
he m a k e s  r e f e r e n c e  to  i t  in  h is  accounts  of c y b e r n e t ic s  d e v e lo p m e n t .  
( W ie n e r ,  1965 :35  & 61; 1 9 6 7 :2 4 5 ) .  T h is  p a r t i c u la r  a p p l ic a t io n  o f  
c y b e r n e t ic s  to f i r e  c o n tro l  p r o b le m s  is a ls o  a p p r o p r ia t e  i n a s ­
m u c h  as F o r r e s t e r  p la y e d  a le a d in g  ro le  in  c o o rd in a t in g  and  
m a n a g in g  the te c h n ic a l  o r g a n iz a t io n  tha t  d e v e lo p e d  the A i r  
F o r c e 's  S e m i - a u t o m a t ic  G ro u n d  E n v i r o n m e n t  (S A G E ) S y s te m  
fo r  a i r  defense  in  the 1 9 5 0 ’s. The S A G E  S y s te m  w a s  an  h i s ­
t o r i c a l  c o n t in u a t io n  of W ie n e r 's  p ro to ty p e  m o d e l  o f  the f i r e  c o n ­
t r o l  p r o b le m .
A s  W ie n e r  e x p la in s  the h i s t o r ic a l  p re c e d e n ts  th a t  le d  to th is
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m o d e l  a t  the b eg in n in g  o f  W o r ld  W a r  I I ,  the G e r m a n  s u p e r io r i t y  in  
a v ia t io n  and p r o b le m s  o f  B r i t a in 's  d e fen se  m ad e  the im p r o v e m e n t  
of a n t i - a i r c r a f t  a r t i l l e r y  a v i t a l  te c h n o lo g ic a l  c o n c e rn  in  the U n ite d  
S ta t e s .
O v e r  the p re c e d in g  few  y e a r s  the  speed o f a i r p la n e s  had  i m ­
p r o v e d  to  the e x te n t  th a t  th e y  w e r e  a t  le a s t  in  the s am e  ra n g e  and  
m a g n itu d e  as the speed o f  the. a n t i - a i r c r a f t  f i r e  i t s e l f .  The  p r o b le m  
o f p r e d ic t in g  the fu tu re  lo c a t io n  o f  an  a i r p la n e  w h ic h  h ad  o r ig in a l l y  
b e e n  a p r o b le m  o f s im p le  e x t r a p o la t io n  r e q u i r e d  a new a p p ro a c h .
The o ld  a p p ro a c h  o f  p r e d ic t io n  o f  the fu tu re  th ro u g h  e x t r a p o la t io n  
co u ld  t r e a t  the s y s te m  as a s im p le  l in e a r  s y s te m ;  the m o t io n  of the  
p lan e  i t s e l f  cou ld  be c o n s id e re d  as p r o g r e s s in g  in a f ix e d  s t r a ig h t  
l in e  p a t te r n .  The  p r o b le m  o f f i r e  c o n t r o l ,  th en , b e c a m e  one in  
N e w to n ia n  p h y s ic s .  T h e  v a r ia b le s  a r e  th e  m u z z le  v e lo c i ty  o f  the  
gun, t r a n s e c t o r y  b e h a v io r ,  s h e l lb u r s t  c h a r a c t e r is t i c s ,  and such  
fa c to rs  as a tm o s p h e r ic  p r e s s u r e ,  w in d  v e lo c i ty ,  a i r  t e m p e r a t u r e ,  
and the l ik e .
W ie n e r  and h is  e l e c t r i c a l  e n g in e e r in g  a s s o c ia te ,  J u l ia n  H .  
B ig e lo w ,  d is c a r d e d  the f o r m e r  m o d e l  and s u b s ti tu te d  a fe e d b a c k  
m o d e l ,  one tha t  c o n t r o l le d  the f i r in g  o f  the gun on the b as is  o f  i n f o r ­
m a t io n  r e c e iv e d  as to the r e la t i v e  p o s it io n  of the a i r p la n e  to the la s t  
p e r c e iv e d  s h e l lb u r s t ,  p lus a c o m p u te r  m o d e l  tha t to o k  in to  a c c o u n t  
the  p i lo t 's  m o s t  p r o b a b ly  e v a s iv e  a c t io n .  The p h y s ic a l  e n v ir o n m e n t
th a t  counted  in  th is  type o f  m o d e l  w as the e n v ir o n m e n t  tha t  m e a s u r e d  
the  d is ta n c e  b e tw e e n  the p e r c e iv e d  s h e l lb u r s t  and the p o s it io n  o f the  
p lane  (see F ig u r e  V I ) .  The ac t io n s  o f  the gun c o n t r o l le r  w e r e  
g o v e rn e d  by a s e r ie s  of b its  of in fo r m a t io n  as to the p e r c e iv e d  c o n ­
d i t io n  o f th is  -s p e c ia l iz e d  e n v ir o n m e n t .  In  th is  type o f m o d e l ,  the  
type of f i r e  th a t  w o u ld  e v e n tu a l ly  p ro v e  m o s t  s u c c e s s fu l  in  b r in g in g  
dow n the t a r g e t  w o u ld  be a s e r ie s  o f s h e l lb u r s ts  th a t  w o u ld  m o ve  
p r o g r e s s iv e ly  c lo s e r  to the t a r g e t  u n t i l  c lo s u re  w as a c h ie v e d ,  e x ­
cep t th a t  the c lo s in g  t im e  f o r  th is  a c h ie v e m e n t  cou ld  not be too g r e a t  
o r  the p lane  w o u ld  m o ve  out o f ra n g e .  A  c o m p u te r  p r o g r a m  that  
f i r s t  u n d e rs h o t  the m a r k  and then  o v e rs h o t  the m a r k  w o u ld  s im p ly  
sw ing  the s h e l lb u r s t  b a c k  and fo r th  a c ro s s  the ta r g e t  in  w i ld  g y r a ­
tion s  o r  o s c i l la t io n s .  M a c C o l l  (1946)- had  a l r e a d y  done a p a p e r  on  
th e  p r o b le m  of ru d d e r  o v e rs h o o t  of s te e r in g  m e c h a n is m s  r e le v a n t  to  
the p r o b le m  W ie n e r  and B ig e lo w  faced .
Som e t w e n ty - f iv e  y e a rs  l a t e r ,  F o r r e s t e r  (1961 &: 1968) r e -  
c o n c e p tu a l iz e d  the "gun c o n tro l  p r o b le m "  in to  the tex tb o o k  language  
of the b a s ic  fe e d b a c k  loop . In  th a t  t w e n ty - f iv e  y e a r s ,  the m a t h e ­
m a t ic a l  la n g u a g e , the s y m b o lic  g e n e r a l i z a t io n s  r e q u i r e d  to g ra p p le  
w ith  the p r o b le m  of fe e d b a c k  s y s te m s ,  had  been  t r e m e n d o u s ly  s i m ­
p l i f ie d .  The concepts  had  b ee n  r e f in e d ,  but the b a s ic  p a r a d ig m  th a t  
the s tuden t o f  a p p l ic a t io n  o f fe e d b a c k  c o n t r o l  m e c h a n is m s  is r e ­
q u i r e d  to g r a s p ,  r e m a in e d  s ta b le .
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The gun c o n t r o l  p r o b le m  cou ld  be e x p la in e d  in  t e r m s  o f F o r ­
r e s t e r ’s (1 9 6 8 :4 -1 )  fe e d b a c k  loop  by  r e f e r r i n g  to F ig u r e  V I I .  A s  
F o r r e s t e r  (1968 :4 -1 .)  n o te s ,  " T h e  fe e d b a c k  loop  is the b a s ic  e l e ­
m e n t  f r o m  w h ic h  a l l  s y s te m s  a r e  a s s e m b le d .  " In  u n d e rs ta n d in g  
the sc ien c e  o f  s y s te m s ,  the  f i r s t  p r o b le m  to be e n c o u n te re d  is w h a t  
in fo r m a t io n  pas ses  in  th is  loop  o f the fe e d b a c k  s y s te m  and w h a t  i n ­
fo r m a t io n  is b lo c k e d  out o f  the s y s te m . The o n ly  in fo r m a t io n  th a t  
the s y s te m  acts  upon is in fo r m a t io n  r e g a r d in g  the s ta te  o f w h a t is 
c o n s id e re d  the e n v ir o n m e n t ,  o r ,  as F o r r e s t e r  c a l ls  i t ,  the " le v e l "  
■w ith in  the s y s te m .
In  the gun c o n t r o l  p r o b le m ,  th is  s y s te m  le v e l  o r  e n v ir o n m e n t
M 4
has a l r e a d y  b ee n  d e s c r ib e d  as the  d i f f e r e n c e  in  the d is ta n c e  b e tw e e n  
the p lane  and the s h e l lb u r s t .  A l l  o th e r  types  o f in fo r m a t io n  a r e  
i r r e l e v a n t .  The w a y  th is  is d e s c r ib e d  in  the language  of s y s te m s  is 
tha t  the s y s te m  has a c lo s e d  b o u n d ary ;  th a t  is ,  i t  is in f lu e n c e d  by  
i ts  own p as t b e h a v io r  ( F o r r e s t e r ,  1 9 6 8 :1 -5 ) .  On the o th e r  han d , i t  
is not in f lu e n c e d  by  any  exogenous v a r ia b le .  P u t  a n o th e r  w a y ,  the  
s y s te m s  m o d e l l e r  e x p l i c i t l y  a s s u m e s  th a t  the s y s te m  b e h a v io r  is a l ­
w a y s  p r e d ic ta b le  th ro u g h  t im e .  T h is  e x p l ic i t  a s s u m p t io n  is of p a r a ­
m o u n t im p o r ta n c e  as one p ro c e e d s  to the p r o b le m  of s o c ia l  s y s te m s .  
To con tinue  a d e s c r ip t io n  o f a fe e d b a c k  lo o p , the loop i t s e l f  is m a d e  
up o f  two fu n d a m e n ta l  e le m e n ts :  le v e ls  and r a t e s .  The le v e l  d e -
notes q u a n t i ta t iv e  s ta te  of the e n v ir o n m e n t  w i t h in  the s y s te m ,  and
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the r a te  denotes the r e a c t io n  o r  r e s u l ta n t  b e h a v io r  o f  the s y s te m  to 
changes in  le v e ls .  In language  m o r e  a p p r o p r ia te  to c o n v e n t io n a l  
d e s c r ip t io n s  o f  s o c ia l  s y s te m s ,  r a te s  a r e  the p o l ic ie s  o f  the d e c i ­
s io n m a k e rs  w i t h in  a fe e d b a c k  s y s te m . T h e se  r a te s  o r  p o l ic ie s  
hav e  fo u r  s e p a ra te  co m p o n en ts .
The f i r s t  c o m p o n en t is the goa l o f the p o l ic y m a k e r .  In  the  
e x a m p le  o f  the gun c o n tr o l  p r o b le m ,  the goa l is  to  m a k e  the a i r p la n e  
p o s it io n  and the s h e l lb u r s t  p o s it io n  c o in c id e  o r ,  m a t h e m a t ic a l l y  
s p e a k in g ,  the goa l is SP  = A P .  The second co m p o n en t is the a p ­
p a r e n t  c o n d it io n  o r  the p e r c e iv e d  c o n d it io n  of the le v e l .  A s  F o r ­
r e s t e r  (1 9 6 8 :1 -8 )  notes  the t ru e  s ta te  o f  the s y s te m  m a y  d i f f e r  f r o m  
i ts  p e r c e iv e d  s ta te ,  but it  is the p e r c e iv e d  s ta te  and not the t ru e  
l e v e l  s ta te  o f  the s y s te m  tha t  is  the b as is  fo r  the d e c is io n  p ro c e s s .  
T h is  p e r c e iv e d  s ta te  is  the o n ly  in fo r m a t io n  the a c t o r  p o s s e s s e s .
In  the e x a m p le  o f the gun c o n t r o l  p r o b le m ,  t h e r e  is a lw a y s  a t im e  
la g  b e tw e e n  the p e r c e p t io n  o f the r e la t i v e  p o s it io n  o f the f i r e b u r s t s  
and the p lane  a t the t im e  a c t io n  is ta k e n  to f i r e  the n e x t  shot and the  
t ru e  c o n d it io n  of the p la n e 's  s h e l lb u r s t  e n v ir o n m e n t .  In  fa c t ,  in  
fe e d b a c k  s y s te m s ,  the d i f f e r e n c e  b e tw e e n  p e r c e iv e d  le v e ls  and  a c tu a l  
l e v e ls  can a lw a y s  be e x p la in e d  in  t e r m s  of t im e .  The u n d e r ly in g  
a s s u m p tio n  o f  fe e d b a c k  s y s te m s  is> .. g iv e n  enough t im e ,  the d e c i ­
s io n m a k e r  w i l l  e v e n tu a l ly  u n d e rs ta n d  the t ru e  c o n d it io n  o f the s y s ­
t e m ,  but th e re  a r e  s low  and fa s t  l e a r n e r s .
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The t h i r d  co m p o n e n t  o f r a te  is the d is c r e p a n c y  b e tw e e n  the  
goa l and  the a p p a re n t  c o n d it io n  of the le v e l  w i th in  the s y s te m .  To  
put th is  m o r e  in  the s o c io lo g ic a l  language  o f  s o c ia l  s y s te m s ,  th is  
d is c r e p a n c y  is the n o r m a t iv e  o r ie n t a t io n  of the p o l ic y m a k e r  o r  a c t o r  
to w a rd s  the S y s te m . In  fe e d b a c k  s y s te m s ,  the e m p h a s is  is  not on a 
ty p o lo g y  o f  n o r m a t iv e  o r ie n ta t io n ,  but r a t h e r  on a q u a n t i ta t iv e  d e ­
s c r ip t io n  of p o s s ib le  m a g n itu d e s  o f a c t io n .  The  fo u r th  co m p o n e n t  
of r a te  is the a c t io n  i t s e l f  r e s u l t in g  f r o m  the d is c r e p a n c y  b e tw e e n  
the goal and the c o n d it io n  o r  the le v e l  o f the s y s te m .
One n o te s ,  lo o k in g  a t the b a s ic  feed b a ck  loop  f ig u r e ,  page 84 ,  
th a t  the loop  is b ro k e n  in to  th r e e  d is c r e t e  s y m b o ls :  (1) the  b a s ic
v a r ia b le  o f the l e v e l  o r  the e n v ir o n m e n t  o f the s y s te m  i t s e l f ;  (2) the  
a p p a r e n t  c o n d it io n  o f the  s y s te m ,  and (3) the d e c is io n  m a d e  by the  
d e c is io n m a k e r  o r  a c t o r  in the s y s te m .  E a c h  of th ese  is co n n ec ted  
by  a p r o c e s s .  Th e  p ro c e s s  th a t  connects  d e c is io n  and l e v e l  is 
a c t io n ,  a p ro c e s s  r e q u i r in g  the t r a n s f e r  o f  e n e rg y .  A s  no ted  in  
the d ia g r a m ,  e n e rg y  co m es  f r o m  ou ts ide  s o u rc e s .  T h e r e  is a lw a y s  
the  a s s u m p t io n  o f an  u n l im i te d  e n e rg y  sup p ly  to a c c o m p l is h  the  
a c t io n  r e q u i r e d .  T h is  f i ts  in  w ith  A s h b y 's  (1 9 6 4 :4 )  o b s e r v a t io n  
th a t :  " C y b e r n e t ic s  m ig h t ,  in  fa c t ,  be d e f in ed  as the s tudy  o f s y s ­
te m s  th a t  a r e  open to e n e r g y  but c lo s e d  to in fo r m a t io n  c o n t r o l  —  
s y s te m s  th a t  a r e  i n f o r m a t i o n - t i g h t . "
The p ro c e s s  th a t  con nects  the le v e l  to the a p p a r e n t  c o n d it io n
o r  in f o r m a t io n  about th e  l e v e l  in v o lv e s  the pas sag e  o f  in fo r m a t io n .
One m ig h t  d e s c r ib e  th is  as the p e r c e p t io n  p ro c e s s  in  the fe e d b a c k  
loop . The p ro c e s s  tha t  con nects  the a p p a re n t  c o n d it io n  o f the s y s ­
te m  to  the d e c is io n  u n it  is a ls o  an  in fo r m a t io n  passage  p r o c e s s .
A g a in ,  p la c in g  th is  m o r e  in  the language of s o c ia l  s y s te m s ,  the  
a c t o r  has  som e m e n ta l  p ic tu r e  o r  c o m p u te r  p r o g r a m  w h ic h  en a b le s  
h im  to c o n v e rg e  p e r c e iv e d  r e a l i t y  and co n tin u in g  a c t io n .
T h is  a c t io n  p r o g r a m  in v o lv e s  the t r a n s f e r e n c e  o f  i n f o r m a ­
t io n  b a c k  in to  e n e rg y  to c o m p le te  the c y c le  o f  the  fe e d b a c k  loop .
T h u s , the fe e d b a c k  loop  is a co n stan t t r a n s f e r e n c e  o f in f o r m a t io n  to 
e n e r g y  and b a c k  in to  in fo r m a t io n .  W h at the fe e d b a c k  lo o p  does ,  
then , is d e s c r ib e  b e h a v io r  o f  the d e c is io n m a k e r  to w a r d  the e n v i r o n ­
m e n t  upon w h ic h  he is fo c u s in g . The b a s ic  fe e d b a c k  loop  is a s im p le  
o r  l in e a r  s y s te m .  F o r r e s t e r  a lw a y s  r e f e r s  to th is  k in d  of loop  as a 
f i r s t  o r d e r  fe e d b a c k  s y s te m .  A  second o r d e r  fe e d b a c k  s y s te m  i n ­
v o lv e s  d e c is io n s  based  on the  o b s e rv a t io n  by a c to r s  o f tw o o r  m o r e  
le v e ls .  Second o r d e r  fe e d b a c k  s y s te m s  a r e  n o n l in e a r ,  and as F o r ­
r e s t e r  (1 9 7 3 :8 )  notes s o c ia l  s y s te m s  of any c o m p le x i ty  a t  a l l  a r e  
n o n l in e a r  s y s te m s .  T h e se  m ig h t  be i l l u s t r a t e d  by s y s te m s  o f i n t e r a c ­
t io n  of a p l u r a l i t y  o f  d e c is io n m a k e r s ,  each one m a k in g  d e c is io n s  in  
re s p o n s e  to h is  own p e r c e p t io n  of a p a r t ic u la r  e n v ir o n m e n t .
In  such a m o d e l  of a s o c ia l  s y s te m  each le v e l  is changed  
p h y s ic a l ly ,  but the m o d e l  is in h e r e n t ly  c o n s tru c te d  so th a t  am o u n ts
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of e n e r g y  n e c e s s a r y  to  m a k e  th e s e  changes a r e  i r r e l e v a n t  to  the  
m o d e l  b e h a v io r .  W h a t  counts  is in fo r m a t io n .  Q u a n t i f ie d  u n its  o f  
in fo r m a t io n  ’ ’d r i v e "  the m o d e l ,  so to sp e ak . The in f o r m a t io n  m u s t  
be a c te d  upon by a goal s ee k in g  c o n v e r to r  o f  in fo r m a t io n  to e n e rg y  
- - t h a t  is ,  an  a c to r  in  s o c io lo g ic a l  la n g u a g e , r a te  and  goa l a s s e m b ly  
in  s y s te m s  d y n a m ic s  la n g u a g e , o r  an  ’b p e r a to r "  i n W ie n e r 's  t e r m i n ­
o lo g y .
The d is c r e t e  u n it  o f  in fo r m a t io n  is c a l le d  a m e s s a g e .  W ie n e r  
d e f in e s  " m e s s a g e "  and its  r e la t io n s h ip  to " a c t o r "  o r  " o p e r a t o r "  as  
f o l lo w s :
T h e  m e s s a g e  is a d is c r e e t  o r  con tinuous sequence o f  
m e a s u r a b le  even ts  d is t r ib u t e d  in  t im e  - -  p r e c is e ly  w h a t  
is  c a l le d  a t im e  s e r ie s  by the  s t a t is t ic ia n s .  The p r e d i c ­
t io n  of the fu tu re  o f  a m e s s a g e  is done by  som e s o r t  o f  
o p e r a to r  on its  p a s t ,  w h e th e r  th is  o p e r a to r  is r e a l i z e d  by  
a s c h e m e  of m a t h e m a t ic a l  c o m p u ta t io n  o r  by a m e c h a n ic a l  
o r  e l e c t r i c a l  a p p a ra tu s  . ( W ie n e r ,  1 9 6 5 :9 ) .
In f o r m a t io n  d r iv e n ,  g o a l s e e k in g  s y s te m s  can  a ls o  be d e f in e d  
as p u rp o s iv e  s y s te m s .  F o r r e s t e r  d e f in e s  " s y s te m "  as a " g r o u p ­
ing o f p a r ts  th a t  o p e ra te  to g e th e r  fo r  a c o m m o n  p u rp o s e .  " ( F o r ­
r e s t e r ,  1 9 6 8 : 1 -1 ;  c f.  H a l l  and  F a g e n ,  1956).
I f ,  as K u hn  p ro p o s e s ,  a b a s ic  p a r a d ig m  g ives  the p r a c t i t i o n e r  
o f s c ie n c e  so m e  new p e r c e p t io n  o f  c e r t a in  p r o b le m s  in  the p h y s ic a l  
w o r ld ,  then  one m ig h t  p o n d e r  on the type  of p e rc e p t io n  w h ic h  the  
p r a c t i t i o n e r  o f  c y b e r n e t ic s  and s y s te m s  d y n a m ic s  has th a t  d i s t i n ­
g u ish e s  h im  f r o m  m e m b e r s  o f  o th e r  s c ie n t i f ic  c o m m u n i t ie s .  I f  one
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th in ks  o f a c o n tra s t in g  s c ie n t i f ic  c o m m u n i ty  o f p h y s ic a l  s c ie n t is ts  
c o n d it io n e d  to a m e c h a n is t ic  co n cep t o f  p h y s ic s ,  th en  the d i f f e r e n c e  
can  be s ta te d  as tha t  w h ic h  e x is ts  b e tw e e n  those w ho see m e c h a n ­
is t ic  s y s te m s  in  n a tu re  and those  w ho see p u rp o s iv e  s y s te m s .  Som e  
r e v ie w  o f  t h e 'h is t o r ic a l  d e v e lo p m e n t  of the p r o b le m  o f p u r p o s iv e - 
ness o f ob jec ts  m ig h t  b e t t e r  c o n t r a s t  the d i f fe r e n c e  in  p e r s p e c t iv e s .
P h i l i p  F r a n k  (1 9 5 7 :2 3 )  g iv e s  a n  acc o u n t  of the change o f  
th in k in g  c o n c e rn in g  the p u rp o s iv e n e s s  o f  o b je c ts  w h e n  he d is c u s s e s  
w h a t  he c a l ls  the s h if t  f r o m  " o r g a n is m ic  to m e c h a n is t ic  p h i lo s o p h y " ,  
w h ic h  o c c u r r e d  a t  the t im e  o f  the r is e  o f N e w to n ia n  p h y s ic s .  H e  
s ta tes  th a t  in  a n c ie n t  and m e d ie v a l  s c ie n c e ,  w h a t  w e r e  c o n s id e r e d  
" in te l l ig ib le  p r in c ip le s "  th a t  la id  the fo u n d a tio n  fo r  s c ie n t i f ic  o b ­
s e r v a t io n ,  in v o lv e d  the b e l i e f  tha t  e v e r y th in g  had  a c e r t a in  n a tu r e  
and a c te d  a c c o rd in g  to th a t  n a tu r e :  b i r d s  f le w ,  f ro g s  ju m p e d ,  stones
r o l le d  d o w n h i l l ,  sm oke  w e n t  up c h im n e y s ,  and c e le s t ia l  bod ies  
m o v e d  in  p e r m a n e n t  c i r c u l a r  m o t io n .  The  g e n e r a l  n o tio n  w a s  th a t  
the w a y  an  o b je c t  a c te d  w as  in te l l ig ib le  a c c o rd in g  to the in t r in s ic  
n a tu r e  o r  p u rp o se  o f  th a t  o b je c t .  T h e  m o t io n  o r  d y n a m ic  c h a r a c t e r ­
is t ic s  o f  an  a n im a l  w e r e  e a s ie r  to u n d e rs ta n d  than  th a t  o f a s to n e ,  
and a n im a ls  s e e m e d  to b eh ave  in  a c c o rd a n c e  w ith  so m e  u n ify in g  
p r in c ip le  w h e r e a s  stones ten d ed  to  b eh ave  in  a ra n d o m  and , t h e r e ­
f o r e ,  u n in te l l ig ib le  fa s h io n .
A s  F r a n k  (1 9 5 9 :2 4 )  r e p o r t s ,  G a l i le o  and N e w to n  d e v e lo p e d
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the b a s ic  p r in c ip le s  o f  the la w s  o f  m o t io n  in  o r d e r  to e x p la in  the  
b e h a v io r  of in a n im a te  o b je c ts  such as s to n es . Once these  la w s  
w e r e  g ra s p e d ,  the d y n a m ic  c h a r a c t e r is t i c s  o f  a l l  in a n im a te  o b je c ts  
b e c a m e  in te l l ig ib le  and p la u s ib le .  B e h a v io r  of in a n im a te  o b je c ts  
co u ld  th en  b e 'th o u g h t  o f  as a r i s in g  out o f fo rc e s  a c t in g  upon th ese  
o b je c ts ,  w h ic h  cau sed  such b e h a v io r a l  'c h a ra c te r is t iG S  as i n e r t i a ,  
a c c e le r a t io n ,  v e lo c i ty ,  and the l i k e .  In  s h o r t ,  the p r in c ip le s  th a t  
e x p la in  the b e h a v io r a l  c h a r a c t e r is t i c s  and thus the p u rp o s e  o f an  
o b je c t  a r e  a l l  those fo rc e s  a c t in g  e x t e r n a l l y  on the o b je c t  i t s e l f .  
H i s t o r i c a l l y ,  then , the b e h a v io r  o f  a r o l l in g  stone b e c a m e  i n t e l l i ­
g ib le  and the b e h a v io r  o f  an  a n im a l  b e c a m e  m o r e  m y s t i f y in g .  
M e c h a n is t ic  th e o r ie s  o f  b e h a v io r  c r e p t  f r o m  N e w to n ia n  m e c h a n ic s  
to e x p la n a t io n s  o f b e h a v io r  in  b io lo g y  and the  o r g a n is m ic  s c ie n c e s .
B u c k le y  (1 9 6 7 :3 7 ) ,  in  t r a c in g  the h is t o r y  o f  the g e n e r a l  s y s ­
te m s  p e r s p e c t iv e ,  notes th a t  d ' L a M e t t r i e  w as  one o f the s e m in a l  
th in k e r s  w ho opposed the  d r i f t  o f  s c ie n t i f ic  th in k in g  to w a rd  a u n i v e r ­
s a l  m e c h a n is t ic  p a r a d ig m  as the b as is  fo r  a l l  s y s te m s .  d 'H a M e t t r i e  
a s s e r t e d  th a t  p u rp o S iv e n e s s  can not be acc o u n ted  fo r  in  t e r m s  o f  
w h e t h e r  the o b je c t  is a n im a te  o r  in a n im a te ,  s e n s ib le  o r  in s e n s ib le ,
co n sc io u s  o r  u n c o n s c io u s , b u t,  r a t h e r ,  the w a y  the m a t e r ia ls  w h ic h
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go to m a k e  up the o b je c t  " w e re  o r g a n iz e d " .  d 'L a M e t t r i e  and  h is  
fo l lo w e r s  a t  le a s t  c o n tes ted  the p ro p o n en ts  o f  a u n iv e r s a l  m e c h a n ­
is t ic  p a r a d ig m  in  such d is c ip l in e s  as b io lo g y ,  p h y s io lo g y  and p s y -
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c h o lo g y .
T h e  m e c h a n is t ic  p a r a d ig m ,  h o w e v e r ,  r e m a in e d  u n c h a l le n g e d  
in  t e r m s  o f  in a n im a te  m a t e r i a l  and  thus in  r e g a r d  to p h y s ic a l  la w s .  
The m e c h a n is t ic  p a r a d ig m  can  be thought o f in  t e r m s  o f  p h y s ic a l  
s y s te m s  th e o r ie s  as fo l lo w s :  the nuc leu s  o f a s y s te m  is a se t o f
re la t io n s h ip s  th a t  e x is t  in  o b je c t iv e  r e a l i t y  g o v e rn e d  by e t e r n a l  and  
u n iv e r s a l  la w s  th a t  a r e  v a l id  a n y w h e re  and  e v e r y w h e r e  th a t  the s y s ­
te m  e x is ts .  The  s y s te m  is in d ep en d en t o f the o b s e r v e r  s p a t ia l ly  
and t e m p o r a l ly .  The fo rc e s  th a t  cause  d y n a m ic  b e h a v io r  in  the  
s y s te m  a c t  ou ts ide  the s y s te m  and on the s y s te m  i t s e l f .  T h o se  
fo rc e s  a r e  a lg e b r a ic a l l y  c u m u la t iv e  both in  t e r m s  of m a g n i tu d in a l  
q u a n t i t ie s  and  d i r e c t io n a l  v e c to r s .  The to ta l  r e s u l ta n t  fo rc e  
is a n  e n t i ty  o f  c a u s a t io n  and . c o m p le te ly  d e s c r ib e s  the o b je c t 's  
d y n a m ic  b e h a v io r .  Th e  p r in c ip le s  o f m e c h a n is t ic  th e o r y  r e p r e ­
s en ted  by N e w to n ia n  t h e o r y  d o m in a te d  the  h a r d  s c ien c es  o f p h y s ic s ,  
c h e m is t r y ,  and  o th e r s .  A s  B u c k le y  (1 9 6 7 :8 )  n o tes , the s o c ia l
s c ie n t is t  of the  17th c e n tu r y  o fte n  in t e r p r e t e d  s o c ia l  s y s te m s  in
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t e r m s  o f  " s o c ia l  p h y s ic s " .  B y  the la te  19th c e n tu r y ,  h o w e v e r ,
m e c h a n is t ic  th e o r y  w as  b e in g  c h a l le n g e d  in  its  own c i ta d e l ,  tha t  of
the p h y s ic a l  s c ie n c e s .
W ie n e r  (19 6 7 :3 0 )  n o tes :
. . . a s h if t  in  the po in t  o f v ie w  o f  p h y s ic s  in  w h ic h  the
w o r ld  as i t  a c t u a l ly  e x is ts  is  r e p la c e d  in  so m e  sense o r  
o th e r  by the  w o r ld  as i t  happens to be o b s e rv e d ,  and  the
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o ld  n a iv e  r e a l i s m  of phys ics  g ives  w a y  to s o m e th in g .o n  
w h ic h  B is h o p  B e r k e le y  m ig h t  have  s m i le d  w ith  p le a s u r e .
H e  c o m m e n ts  th a t  E in s t e in  m a d e  abu ndant use o f  the o b s e r v e r  in  h is  
th e o r y  o f  r e l a t i v i t y / a n d  G ib b s '  s t a t is t ic a l  a p p ro a c h  to e n t ro p y  d e ­
p a r te d  f r o m  N e w to n 's  d e t e r m in is t i c  c o n c e p t io n .  W ie n e r  s ta te s :
In  G ib b s '  v ie w ,  w e  have  a p h y s ic a l  q u a l i ty  w h ic h  belongs  
not to the o u ts ide  w o r ld  as such , but to c e r t a in  sets o f  
p o s s ib le  w o r ld s ,  and t h e r e f o r e  to the a n s w e r s  o f c e r t a in  
s p e c if ic  q u e s tio n s  w h ic h  w e  can  a s k  c o n c e rn in g  the o u t ­
s ide  w o r ld .  P h y s ic s  now b e c o m e s  not the d is c u s s io n  o f  
an o u ts id e  u n iv e r s e  w h ic h  m a y  be r e g a r d e d  as the to ta l  
a n s w e r  to a l l  ques tions  c o n c e rn in g  i t ,  but an  account o f  
a n s w e rs  to m u c h  m o r e  l im i t e d  q u e s t io n s .  (W ie n e r ,
1 9 6 7 :3 1 ) .
B e r t a la n f f y  (1 9 6 8 :9 2 )  m a k e s  the s a m e  p o in t  c o n c e rn in g  N e w -
to n ia n  m e c h a n ic s  w h e n  he  s ta tes :
A  c la s s ic a l  s c ien c e  w as  e s s e n t ia l ly  c o n c e rn e d  w i th  t w o -  
v a r ia b le  p r o b le m s ,  l i n e a r  c a u s a l  t r a in s ,  one cause and  
one e f fe c t ,  o r  w i th  tw o  v a r ia b le s  a t the m o s t .  T h e  c l a s ­
s ic a l  e x a m p le  is m e c h a n ic s .  I t  g ives  p e r f e c t  so lu t ion s  
fo r  the a t t r a c t io n  b e tw e e n  tw o  c e le s t ia l  b o d ie s , a sun 
and a p la n e t ,  and hence p e r m i t s  e x a c t  p r e d ic t io n s  of  
fu tu re  c o n s te l la t io n s  and even  the e x is te n c e  o f  s t i l l  u n d e ­
te c te d  p la n e ts '  p o w e r .  H o w e v e r ,  a l r e a d y  the t h r e e - b o d y  
p r o b le m  of m e c h a n ic s  is in s o lu b le  in  p r in c ip le  and can  
on ly  be a p p ro a c h e d  by a p p r o x im a t io n .
I t  fo l lo w s ,  th e n ,  tha t  i f  th e r e  is not one u n iv e r s a l  w o r ld  s y s ­
te m  g o v e rn e d  by  u n iv e r s a l  la w ,  but an  in f in i tu d e  o f  s p e c ia l  s y s te m s ,  
s t i l l  p h y s ic a l  and  m e a s u r a b le ;  a continuous sequence o f events  
d e s c r ib e s  the b e h a v io r  o f  each s y s te m  o f  fo cu s . The o r g a n iz in g  
p r in c ip le  of the s y s te m  m u s t  be the  q u e s tio n  a s k e d  by the m o d e l  
m a k e r .  H e  m u s t  a s k  how a c e r t a in  set o f  v a r ia b le s  beh aves  u n d e r
such and such c i r c u m s t a n c e s .  Thus h a v in g  d e f in e d  the b o u n d a r ie s  of  
the s y s te m ,  he can  a n a ly z e  the b e h a v io r  in  r e la t io n  to the s p e c if ic  
q u e s t io n  he has a s k e d  about the s y s te m .  Such a p a r a d ig m  d r iv e s  
r e s e a r c h  in the d i r e c t io n  of c o n s tru c t in g  e i t h e r  m a t h e m a t ic a l  o r  
m e c h a n ic a l  m o d e ls  and c h a r t in g  the b e h a v io r  o f  th e s e  m o d e ls .  In  th is  
a p p ro a c h  th e r e  is no such th ing  as o b s e rv in g  ' ’th e "  p r e e x is t in g  c o n d i ­
t io n  in  n a tu re  (c f.  B r u n e r ,  Goodnow  and A u s t in ,  1956).
A n o th e r  w a y  o f  c o n c e p tu a l iz in g  the s y s te m  as s t r u c tu r e d  by  
the t r a n s m is s io n  of a continuous sequence o f  m e s s a g e s ,  is to c o m ­
p a r e  the n o t io n  of a s ta t ic  o b je c t  w ith  th a t  o f  a d y n a m ic  o b je c t .
H u s s e r l  (1 9 3 1 :1 1 9 )  notes  th a t  the p e r c e p t io n  of a s ta t ic  o b je c t  is 
p r e - c o n d i t io n e d  b'y in te n t io n a l i ty  o f  the o b s e r v e r ;  th a t  is ,  the  o b je c t  
m u s t  som eh ow  f i t  in to  the f r a m e  o f  r e f e r e n c e  o f  the o b s e r v e r ’s 
a c t iv i t y  so as to be m e a n in g fu l  to those a c t i v i t i e s ,  o r  e lse  it  is e x ­
c lu d ed  a t  l e a s t  f r o m  the fo c a l  p e rc e p t io n  of the o b s e r v e r .  Thus the  
s ta t ic  o b je c t  is a ls o  d e f in e d  in  so m e m a n n e r  by  the p u rp o s e  of the  
o b s e r v e r .  I t  is h is  p a r a d ig m s  th a t  g ive  i t  fu n c t io n a l i ty  and m e a n ­
ing r a t h e r  th an  any  in t r in s ic  c h a r a c t e r is t i c  o f the o b je c t  i t s e l f  
(H e a p  and R o th ,  197 3:3 55).
D y n a m ic  o b jec ts  a r e  o b je c ts  th a t  m u s t  be l i t e r a l l y  seen  th ro u g h  
t im e  by the o b s e r v e r .  T h is  r e s u l ts  in  qu ite  a d i f f e r e n t  s e n s a t io n  
th an , say , s e e in g  an o b je c t  in  m o t io n .  F o r  e x a m p le ,  : one can  
stand by a r i v e r  and w a tc h  i t  f lo w  p a s t  as  i t  e m a n a te s  f r o m  its
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h e a d w a te rs  and f lo w s  in to  som e f a r - o f f  ocean . B u t the  p e r c e p t io n  
o f a r i v e r  f lo w in g  th ro u g h  t im e  is one o f change in  the  c h a r a c t e r ­
is t ic s  as d e f in e d  by t im e  co n tin u u m  q u estio n s  a s k e d  by the o b ­
s e r v e r .  F o r  in s ta n c e ,  one m ig h t  a s k ,  i f  n a v ig a t io n  expands f o u r ­
fo ld  on a r i v e r  o v e r  f i f ty  y e a r s ,  w h a t  w i l l  be the c h a r a c t e r is t i c s  o f  
the r i v e r  in  t e r m s  o f  w a t e r  q u a l i ty ,  s u r fa c e  a r e a ,  changes  in  v e lo ­
c i ty ,  and changes in  t u r b id i t y  in  a l ik e  p e r io d  of t im e ?  Th e  p e r ­
ce p tio n  of the r i v e r  in  t e r m s  o f these  v a r ia b le s  o v e r  t im e  w o u ld  be 
the p e r c e p t io n  of a r i v e r  as a d y n a m ic  o b je c t .  I t  is th is  type  of 
g e s ta l t  th a t  is one o f  the g oa ls  o f  p e r c e p tu a l  a t ta in m e n t  o f the p r a c ­
t i t io n e r  o f c y b e r n e t ic s  and  s y s te m s  d y n a m ic s .  T h is  is a ls o . t r u e  
w h e n  one looks a t the p h y s ic a l  b e h a v io r  of v a r ia b le s  in  one o f  
M e a d o w 's  m o d e l  runs o f  the w o r ld  s y s te m :  the c o m p u te r  p r in to u t
i t s e l f  b e c o m e s  a g ra p h ic  p r e s e n ta t io n  of a d y n a m ic  o b je c t .
R e f e r r i n g  b a c k  to the  gun c o n tr o l  p r o b le m ,  the  e n t i r e  g r o u p ­
ing o f o b je c ts ,  in c lu d in g  the p lane  and its  e v a s iv e  m a n e u v e r s ;  the  
s h e ll  b u rs t ;  the gun and  its  f i r e  c o n tr o l  m e c h a n is m ;  and the m o t iv e s  
of the gun c o n t r o l le r ,  as a c t o r , 'm a k e  up the s y s te m .  The d y n a m ic  
o b je c t  o f  the s y s te m  is the r e la t io n s h ip  b e tw e e n  s h e l l  b u r s t  and t a r ­
get; b ec au se  th is  o b je c t i f ic a t io n  is e x p re s s iv e  of the m o t iv e s  o f the  
g u n n e r .  A  s y s te m s  d y n a m ic s  m o d e l le r  w i l l  focus i m m e d ia t e ly  on 
th is  in te n t io n a l  o b je c t ,  s in ce  h is  p e rc e p t io n  is p a r a d ig m -c o n d i t io n e d  
to s in g le  out th is  o b je c t .
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A  f in a l  w a y  o f a p p ro a c h in g  the id e a  o f  a s h a re d  p a r a d ig m  o r  
a b a s ic  u n d e r ly in g  g e s ta l t  o f c y b e rn e t ic s  and s y s te m s  d y n a m ic s  is  
to  v is u a l i z e  the s t r u c t u r e  o f  the b a s ic  fe e d b a c k  loop in  t e r m s  o f an  
e v e r y d a y  l i f e  s i tu a t io n  s o c ia l  s y s te m . The s i tu a t io n  p re s e n te d  
h e r e  can be c a l le d  "the case  of the p ru d e n t  s h o w e r in g  p e r s o n " .  
Im a g in e  a p e rs o n  ta k in g  a s h o w e r .  H e  is s tand ing  in  a v e r y  s m a l l  
s h o w e r  so th a t  he does not h av e  the op tion  of s tep p in g  b a c k  out o f  
the w a y  o f  the f lo w in g  w a t e r ,  but m u s t  en d u re  e i t h e r  c o ld  w a t e r  o r  
o v e rh e a te d  w a t e r  as it  e m e r g e s  f r o m  the s h o w e r  h e a d .  On the  
o th e r  han d , he m a y  e n jo y  the p le a s u re  o f  f lo w in g  w a t e r  a t  a c e r t a in  
d e s i r e d  t e m p e r a t u r e .  One f u r t h e r  c o n s t r a in t  is th a t  he m u s t  tu r n  
on the s h o w e r  a f t e r  he has e n te r e d  the s h o w e r  s t a l l .  H e  cannot  
s im p ly  a d ju s t  the  t e m p e r a t u r e  o f  the w a t e r  to a p le a s in g  one by  
s t ic k in g  h is  hand th ro u g h  the s h o w e r  c u r ta in .  A s  he tu rn s  the  
s h o w e r  fa u c e t  on, the w a t e r  fe e ls  ic y  co ld . Th e  d y n a m ic  p r o b le m  
is  to a t ta in  d e s ir e d  t e m p e r a t u r e  a t  the s h o w e r  h ea d . T h e r e  a r e  tw o  
i n te r m e d ia t e  p r o b le m s ,  h o w e v e r ,  o f  d i f f e r in g  o r d e r s  o f  im p o r ta n c e .  
F i r s t ,  is the p r o b le m  of o v e rp ru d e n c e .  A  to o -c a u t io u s  a p p ro a c h  to 
the goa l w o u ld  m e a n  s ta y in g  u n d e r  the co ld  s h o w e r  fo r  a r e l a t i v e l y  
long p e r io d  o f  t im e .  The  o th e r  p r o b le m  is m u c h  m o r e  s e r io u s .
The p e rs o n  m ig h t  m a k e  o v e rb o ld  a d ju s tm e n ts  th a t  w o u ld  b r in g  down  
upon h is  h ea d  s c a ld in g  w a t e r  w i t h in  the n a r r o w  co n fin es  o f  the s m a l l  
s h o w e r  s t a l l ,  in  w h ic h  case  he w o u ld  h av e  to ta k e  s tro n g  c o r r e c t io n a l
m e a s u r e s  in  the o th e r  d i r e c t io n  w h ic h  w o u ld  p r o b a b ly  b r in g  h im  
b a c k  to ic y  w a t e r  o r  out onto the f lo o r ,  s t i l l  d i r t y .  Th e  f i r s t  
c o u rs e  o f  a c t io n ,  w h i le  s u b je c t in g  the s h o w e r  p e rs o n  to a lo n g e r  
p e r io d  o f d is c o m f o r t ,  does not p ro d u c e  the c r i s is  s i tu a t io n  o f  the  
l a t t e r  c o u rs e .
T u rn in g  now to a m o r e  f o r m a l  d e s c r ip t io n  of the s i tu a t io n  in  
t e r m s  of fe e d b a c k  loop  t e r m in o lo g y ,  the s t r u c t u r a l  c o m p o n en ts  o f  
the  fe e d b a c k  loop  a r e  as fo l lo w s :  (1) The  s y s te m  le v e l  - -  the a c tu a l
r a t io  o f co ld  to hot w a t e r  as i t  e x is ts  a t  the  fau ce t  v a lv e  p o in t  in  the  
s y s te m ;  (2) The p e r c e iv e d  s ta te  o f  the s y s te m  - -  the  t e m p e r a t u r e  
o f w a t e r  le a v in g  the s h o w e r  h ea d  as i t  is e x p e r ie n c e d  by  the  s h o w e r  
p e rs o n ;  (3) The s h o w e r  p e r s o n  h i m s e l f  - -  as a c t o r ,  and d e c is io n ­
m a k e r  in  the s y s te m  - -  w h ic h  m a y  be d iv id e d  in to  tw o  c o m p o n e n ts ,  
h is  goa l o r  n o r m a t iv e  o r ie n t a t io n  and h is  m e n ta l  m o d e l  o f  the m e c h ­
a n ic s  o f  o p e ra t io n  in  the s y s te m  o r  c o g n it iv e  o r ie n ta t io n ;  and , (4) 
T h e  r e s o u r c e s  o f the a c t o r  o r  the s o u rc e  o f  a c t io n  -  - i n  th is  c a s e ,  
the  s h o w e r  fau ce t i t s e l f .  T h e  b a s ic  fe e d b a c k  loop  o f  such a s y s te m  
w o u ld  be m u c h  the s a m e  as th a t  shown in  F ig u r e ,  V I I ,  page 85.
A g a in ,  the p ru d e n t  s h o w e r e r  needs to know noth ing  abo ut h y d r a u l i c s ,  
w h e r e a s  k n o w led g e  about the d e la y  t im e  b e tw e e n  tu rn in g  the s h o w e r  
fa u c e t  and  e x p e r ie n c in g  the r e s u l t a n t  change in  t e m p e r a t u r e  a t the  
s h o w e r .h e a d  w o u ld  be m o s t  h e lp fu l .  F u r t h e r m o r e ,  som e kn o w led g e  
of the m a g n itu d e  o f  change in  the t e m p e r a t u r e  c o m p a re d  to the m a g ­
n itu de  o f  fa u c e t  tu rn in g  w o u ld  be h e lp fu l .  H o w e v e r ,  as in  m o s t  
s o c ia l  s y s te m s ,  th is  can  be le a r n e d  e x p e r ie n t i a l l y  by  t r i a l  and  e r r o r .  
In  th is  e x a m p le ,  the a b i l i t y  o f  the p ru d e n t  s h o w e r e r  to re a c h  h is  
g o a l  o f  c o m fo r ta b le  and safe  w a t e r  t e m p e r a t u r e  is a m e a s u r e  o f  the 
f a v o r a b le  s o lu t io n  o f the p r o b le m  and thus a m e a s u r e  o f h is  o r g a n ­
iz a t io n  o f the s y s te m .
I f  the e x a m p le  is  exp anded  to two o r  m o r e  s h o w e r  p e rs o n s  
in  as m a n y  s ta l ls ,  to say  n o th in g  o f  the f lu s h in g  of t o i le t s ,  on the  
s a m e  w a t e r  s y s te m ,  th en  such a m o d e l  is r e p r e s e n t a t iv e  o f  a n o n ­
l in e a r  s i tu a t io n  and is the k in d  o f  m o d e l  th a t  is o f m o s t  in t e r e s t  in  
s y s te m s  d y n a m ic s  and  c y b e r n e t ic s  th e o r y .  The  s y s te m  is a^  c lo s e d  
s y s te m  and an  e x p re s s e d  p r e c o n d i t io n  o f s y s te m s  d y n a m ic s  m o d e l  
( F o r r e s t e r ,  1 9 6 1 :5 1 ) .  Such a m o d e l  e x h ib its  a d m i r a b l y  the c o n ­
t r a s t in g  concepts  o f  fu n c t io n a l  r a t io n a l i t y  and s u b s ta n t ia l  r a t io n a l i t y  
as v a r y in g  p e r s p e c t iv e s  in  s o c ia l  s y s te m s  (M a n n h e im ,  1 9 4 0 :5 1 ) .
T h e  r a t io n a l i t y  o f  the v a r io u s  p e rs o n s  us ing  w a t e r  f r o m  the s a m e  
s y s te m  o f p lu m b in g  r e f le c ts  t h e i r  in d iv id u a l  u n d e rs ta n d in g s  o f  the  
s i tu a t io n  f r o m  the po in t o f  v ie w  o f  t h e i r  own p e r c e p t io n s ,  e x p e r i ­
ences  and  g o a ls .  A  s u b s ta n t ia l  r a t io n a l i t y  r e p r e s e n t s  the r a t i o n ­
a l i t y  o f the s y s te m  m o d e l  b u i ld e r  h i m s e l f  w ho fo r e s e e s  the e n t i r e  
s y s te m  as a w h o le .  A s  M a n n h e im  s ta te s :
W e u n d e rs ta n d  as s u b s ta n t ia l ly  r a t io n a l  an  a c t  o f thought  
w h ic h  r e v e a ls  in te l l ig e n t  in s ig h t  in to  the in te r r e la t io n s ,  
o f  even ts  in  a g iv e n  s i tu a t io n .  (M a n n h e im ,  1 9 4 0 :5 3 ) .
In  th is  case each  s h o w e r  p e rs o n  m a y  have  v a r y in g  d e g re e s  
of fu n c t io n a l  r a t io n a l i t y ;  th a t  is ,  v a r y in g  d e g re e s  o f  c o m p e te n c e  in  
b e in g  a b le  to b r in g  the show er, h ea d  t e m p e r a t u r e  a s y m t o t ic a l l y  to  
the d e s ir e d  t e m p e r a t u r e .  E a c h  le a r n s  th is  fu n c t io n a l  r a t io n a l i t y  by  
h is  own e x p e r ie n c e s  in  t r y in g  to a c h ie v e  a p e r s o n a l  g o a l but can  u n ­
ders tand . s u b s ta n t ia l  r a t io n a l i t y  o n ly  w i th  an  o v e r v ie w  of the e n t i r e  
s y s te m .  M a n n h e im  d e f in e s  fu n c t io n a l  r a t io n a l i t y  not in  t e r m s  o f  
th in k in g  and kn o w in g , but r a t h e r  as :
A  s e r ie s  o f  a c t io n s  [ t h a t j  is  o r g a n iz e d  in  such a w a y  th a t  
i t  leads  to  a p r e v io u s ly  d e f in e d  g o a l,  e v e r y  e le m e n t  in  
th is  s e r ie s  o f  a c t io n s  r e c e iv in g  a fu n c t io n a l  p o s it io n  and  
r o le  .
In  a p p ly in g  the  p a r a d ig m  to s o c ia l  s y s te m s ,  F o r r e s t e r  is  not 
c le a r  in  d e f in in g  w h a t  d is t in g u is h e s  the s o c ia l  s y s te m  f r o m  a n o n ­
s o c ia l  s y s te m .  Th e  im p l ic a t io n s  o f  co n c e p tu a l s t r u c t u r e  w o u ld  
suggest th a t  s o c ia l  s y s te m s  need  not n e c e s s a r i ly  h a v e  h u m a n  a c to rs  
as r a te  c o n t r o l le r s  o r  c o n t r o l  m e c h a n is m s  w i t h in  the  s y s te m .  S y s ­
te m  le v e ls  m u s t  change , h o w e v e r ,  in  re s p o n s e  to s o c ie ta l  g o a ls .  
T h u s ,  the w o r ld  m o d e l  is a s o c ia l  s y s te m  because  i t  d e p ic ts  the  
p h y s ic a l  change in  the s y s te m  in  re s p o n s e  to c u l t u r a l  v a lu e s  o f  
e c o n o m ic  and  p o p u la t io n  g ro w th .  E v e n  the w o r ld  m o d e l ,  h o w e v e r ,  
can  be v is u a l i z e d  in  t e r m s  o f  d o m in a n t  h u m a n  in t e r e s t  g ro u p s  w i t h in  
a s o c ie ty  res p o n d in g  to s p e c if ic  le v e l  s ta tes  o f  p r i m a r y  s o c ie ta l  
v a lu e s  w i t h in  the s y s te m  and le s s  p o w e r fu l  g roup s  re s p o n d in g  to
o th e r  s y s te m  le v e ls .  T h u s ,  in d u s t r ia l  p la n n e rs  and c o r p o r a te  
e x e c u t iv e s  a r e  p r i m a r i l y  in te r e s te d  in  c a p i ta l  fo r m a t io n  w i t h in  t h e i r  
ow n o r g a n iz a t io n s  o f  r e s p o n s ib i l i t y ;  w o r k e r s  and c o n s u m e rs  a r e  
in t e r e s t e d  in  m a t e r i a l  q u a l i ty  o f  l i f e ;  and e n v i r o n m e n ta l is ts  a r e  
c o n c e rn e d  w i th  p o l lu t io n  le v e ls .
B o g u s la w  (1 9 7 3 :1 8 1 )  has e x a m in e d  the d i f fe r e n c e s  - 
b e tw e e n  s o c ia l  and n o n s o c ia l  s y s te m s  w i th  c o n s id e ra b le  in s ig h t .  To  
h im  the e s s e n t ia l  d i f fe r e n c e  does not c e n te r  on w h e th e r  the s u b s y s ­
te m  p a r ts  a r e  h u m a n  a c to r s  o r  c o n t r o l  m e c h a n is m s ,  th ese  b e in g  
o fte n  in te r c h a n g a b le , as i t  m ig h t  be in  the case  o f  the p ru d e n t  s h o w -  
e r e r s .  N o r  does the d i f f e r e n c e  have  to do w i th  the r e l i a b i l i t y  o r  
u n r e l i a b i l i t y  o f  the s u b s y s te m  p a r ts  o r  h u m a n  a c t o r s .  The q u e s tio n  
to  B o g u s la w  is one o f s y s te m  o b je c t iv e s ,  a q u e s tio n  of how  d e e p ly  
and  p e r v a s iv e ly  the s y s te m  is g e a re d  to re s p o n d  to the needs o f  the  
p e rs o n s  w i t h in  the s y s te m  "su g e n e r is "  - -  as a c o m m u n ity .  S y s ­
te m s  w h ic h  a r e  p r e d o m in a n t ly  p re o c c u p ie d  w ith  so m e g o a l tha t  
s t r a y s  f r o m  th is  e s s e n t ia l  h u m a n  e le m e n t  a r e  n o n s o c ia l  in  n a tu re  - -  
te c h n o lo g ic a l ly  o r ie n te d  r a t h e r  th a n  s o c ia l .  A s  B o g u s la w  
(1 973 :18 2 )  puts i t ,  " . . .  i f  you a r e  e th n o c e n tr ic  about the  r a c e  o f  
m a n k in d  . . . th en  you a r e  s o m e w h a t  p r e p a r e d  to e n te r  in to  the  
a c t i v i t y  o f  s o c ia l  s y s te m  d e s ig n " ;  such an  in t e r p r e t a t io n  g ives  " s u b ­
s ta n t iv e  r a t io n a l i t y "  a m o r a l  d im e n s io n  in  a d d it io n  to the c o g n it iv e .
l o o
5. W ie n e r  as a S o c ia l  P h i lo s o p h e r
I f  the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  is an  h i s t o r ic a l  e x t e n ­
s ion  o f a m o r e  g e n e r a l  M .  I .  T .  g ro u p  w h ic h  has  i ts  ro o ts  in  c y b e r ­
n e t ic s ,  and  i f  W ie n e r  w as  the s p o k e s m a n  fo r  the g ro u p  in  its  d e v e l ­
o p m e n ta l  s ta g e s ,  then  i t  can be in s t r u c t iv e  to s c r u t in iz e  W ie n e r 's  
s o c io lo g ic a l  p e r s p e c t iv e  so tha t  in  the n e x t  c h a p te r  one w i l l  have  an  
h i s t o r ic a l  r e f e r e n c e  p o in t  a g a in s t  w h ic h  to m e a s u r e  both the changes  
and the c o n s ta n c ie s  o v e r  t im e  in  g ro u p  p e r s p e c t iv e .  I t  w o u ld  be 
n a iv e  to th in k  th a t  the o v e r a l l  th e s is  o f  L i m i t s  to G ro w th  s p ra n g  f u l l ­
b lo w n  f r o m  the r e s e a r c h  on the C lu b  o f R o m e  p r o je c t  and the s y s ­
te m s  d y n a m ic s  w o r ld  m o d e ls .
W ie n e r  d i f f e r e d  f r o m  F o r r e s t e r  in  one m a j o r  r e s p e c t .
W ie n e r  d id  not b e l ie v e  the b a s ic  in fo r m a t io n - fe e d b a c k  p a r a d ig m  
co u ld  be u sed  d i r e c t l y  to m o d e l  s o c ia l  s y s te m s ;  w h e r e a s  F o r r e s t e r  
b u i l t  h is  c a r e e r  on the b as is  th a t  i t  cou ld  be so used . W ie n e r  w as  
h o w e v e r ,  in te n s e ly  in te r e s te d  in  w h a t  he c o n s id e re d  to be the m a j o r  
p r o b le m  fa c in g  w o r ld  s o c ie ty ,  the  p r o b le m  o f the u n in te n d e d  c o n s e ­
quences o f  s c ie n t i f ic a t io n  o f te c h n o lo g y .  C y b e r n e t ic s  and the  
d e v e lo p m e n t  o f  the c o m p u te r  w e r e  a p a r t  o f th is  second  in d u s t r ia l  
r e v o lu t io n ,  as he c a l le d  i t .  M o s t  o f  h is  l a t e r  w r i t in g s  s t r e s s e d  th is  
t h e m e .
A lth o u g h  W ie n e r  d id  not d i r e c t l y  d e p lo y  the i n f o r m a t i o n - f e e d -
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b a c k  p a r a d ig m  in  h is  s o c ia l  a n a ly s is ,  he r e l i e d  on i t  as an  a n a lo g y .  
H is  m odus o p e ra n d i  w as  s i m i l a r  to tha t  o f  m o s t  s o c ia l  p h i lo s o p h e rs  
of p re v io u s  and p r e s e n t  e r a s .  He s im p ly  u sed  the t o ta l i t y  o f  h is  
e d u c a t io n  e x p e r ie n c e s  and  s p e c u la t io n s  as a b a c k g ro u n d  r e f e r e n t  to  
ju d g m e n ts  abdut the  c o n te m p o r a r y  w o r ld .  W h a te v e r  h is  te c h n iq u e ,  
W ie n e r 's  c o n c lu s io n s ,  p a r t i c u l a r l y  r e g a r d in g  the ques tions  l a t e r  
ra is e d  in  the L im i t s  to G ro w th  p r o b le m a t iq u e , a r e  s t r ik in g ly  c lo se  
to  those  o f  F o r r e s t e r ,  M e a d o w s ,  and the r e s t  o f  the c o n te m p o r a r y  
s y s te m s  d y n a m ic s  g ro u p .  W ie n e r 's  p e r s o n a l  b io g ra p h y  i l lu m in a te s  
h is  p a r t i c u l a r  w o r ld  v ie w .
F i r s t ,  w h a t  a r e  W ie n e r 's  q u a l i f ic a t io n s  as a s o c ia l  p h i lo ­
s o p h e r?  W ie n e r  ra n k s  as f i r s t - r a t e  as c o m p a re d  w i th  an y  p e r s o n ­
age w ho  l iv e d  d u r in g  the 194 0 's  and 1950 's  and w ho c o m m e n te d  on  
the m a j o r  p r o b le m s  fa c in g  w o r ld  s o c ie ty .  H e  h ad  a t ta in e d  i n t e l l e c ­
tu a l  c r e d e n t ia ls  as a m a t h e m a t ic ia n  and a lo g ic ia n  in  the m a n n e r  o f  
a L e i b n i t z ,  D e s  C a r t e s ,  W h ite h e a d ,  and  R u s s e l l .  B u t w o r l d  v i e w ­
ing p h i lo s o p h e rs  a r e  not fa s h io n a b le  in  the m id d le  20 th  c e n tu r y  - - a t  
l e a s t  w i t h in  s c ie n t i f ic  c o m m u n i t ie s .  H is  own in te l le c t u a l  in h e r i t o r s  
w e r e  s c ie n t is ts  w ho  re s p e c te d  h im  fo r  h is  s c ie n t i f ic  c o n tr ib u t io n s  
but r e je c t e d  h is  g ra n d  p ro n o u n c e m e n ts .
Th e  M a r x i a n  n o tio n  th a t  p h i lo s o p h e rs  and o th e r  id e o lo g is ts  
d id  not ru n  the r e a l  w o r ld  - -  the w o r ld  of e c o n o m ic s  and  m a t e r i a l  
p ro d u c t io n  - -  had  b e c o m e  the " i r r e f u t a b le  t r u t h "  o f c o m m u n is t  and
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c a p i t a l is t  a l i k e .  No  s e r io u s  c r i t iq u e  o f  W ie n e r  as a s o c ia l  p h i lo ­
so p h er  f r o m  an  h i s t o r ic a l  p e r s p e c t iv e  has  y e t  b e e n  p u b lis h e d ;  ye t  
th e r e  a r e  a n u m b e r  o f  books on c y b e r n e t ic s ,  as such. T h e y ,  a lm o s t  
u n iv e r s a l l y ,  a d d re s s  th e m s e lv e s  to the p r o b le m  of w h a t  c y b e r n e t ic s  
is as a s c ie n c e .  T h e s e  books do g e n e r a l ly  re c o g n iz e  N o r b e r t  
W ie n e r  as the fo u n d e r  o f  c y b e r n e t ic s .^
In  d is c u s s in g  W ie n e r 's  q u a l i f ic a t io n s  as a s o c ia l  p h i lo s o p h e r ,  
th e r e  a r e  c e r t a in  fa c ts  th a t  a r e  u n q u e s t io n e d . H e  w as  a c h i ld  p r o ­
d ig y . H is  own a u to b io g ra p h y  ( W ie n e r ,  1964) c h r o n ic le s  h is  y o u n g e r  
l i f e .  H e  g ra d u a te d  f r o m  h ig h  school a t  age 11, a t ta in e d  a b a c h e lo r 's  
d e g re e  f r o m  the U n iv e r s i t y  o f T u fts  a t  age 14, and r e c e iv e d  h is  d o c ­
to r a te  f r o m  H a r v a r d  U n iv e r s i t y  a t  age 18. In  h is  e a r l y  c h ild h o o d  he  
w as  d r i l l e d  in c e s s a n t ly  by a fa th e r  w ho w as  an  in t e l l e c t u a l ly  g if te d  
and re n o u n e d  p e rs o n  in  h is  own r ig h t ,  the t r a n s l a t o r  o f  the e n t i r e  
t w e n t y - f o u r  v o lu m e  w o r k s  o f  T o ls to y  f r o m  R u s s ia n  to E n g l is h .
W ie n e r  d e s c r ib e d  one o f  the tu to r in g  sess io n s  w i t h  h is  f a th e r  as 
f o l lo w s :
A lg e b r a  w as  n e v e r  h a r d  fo r  m e ,  a lth o u g h  m y  f a th e r 's  w a y  
of te a c h in g  i t  w as  s c a r c e ly  con duc ive  to p e a c e  o f  m in d .
E v e r y  m is ta k e  had  to be c o r r e c t e d  as i t  w a s  m a d e .  He  
w o u ld  b e g in  the d is c u s s io n  in an e a s y ,  c o n v e r s a t io n a l  
tone . T h is  la s te d  e x a c t ly  u n t i l  I  m a d e  the f i r s t  m a t h e ­
m a t ic a l  m is ta k e .  T h e n  the g en tle  lo v in g  fa th e r  w as  
r e p la c e d  by  the  a v e n g e r  o f the b lood ( W ie n e r ,  1 9 6 4 :6 7 ) .
W ie n e r 's  s p e c ia l  g i f t  and h is  l a t e r  p r o fe s s io n a l  e m p h a s is
w e r e  on m a t h e m a t ic s ,  but h is  in te r e s ts  w e r e  w id e - r a n g in g .  W ie n e r 's
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fa th e r ,  L e o  W ie n e r ,  w a s  a p r o fe s s o r  o f  lan g u ag es  and  p h i lo lo g y  at  
H a r v a r d  U n iv e r s i t y ,  and i t  w a s  n a t u r a l  tha t  W ie n e r 's  e d u c a t io n  e m ­
b r a c e d  the  study o f  m a n y  d i f f e r e n t  la n g u a g e s , in c lu d in g  L a t in  and  
G r e e k .  W ie n e r  f i r s t  in te n d e d  to take  h is  a d v a n c e d  s tu d y  in  b io lo g y ,  
but po o r  e y e s ig h t  and la c k  o f  c o o rd in a t io n  m a d e  h im  u n f i t  fo r  the  
e x a c t itu d e s  o f  b io lo g ic a l  la b  w o r k .  W ie n e r  s tu d ie d  the h is t o r y  and  
p h ilo s o p h y  o f s c ie n c e s  u n d e r  the g r e a t  n a m e s  o f the e r a  a t  H a r v a r d :  
J o s ia h  R o y c e ,  L a w r e n c e  H e n d e r s o n ,  E .  V .  H u n t in g to n ,  R a lp h  B a r to n  
P e r r y ,  P a l m e r ,  M u n s .te rb e rg  and S a n ta yan a .
A f t e r  g ra d u a t in g  f r o m  H a r v a r d ,  and ju s t  p r i o r  to W o r ld  W a r  
I ,  he spent a h a l f  y e a r  a t  C a m b r id g e  u n d e r  the  tu te la g e  o f  B e r t r a n d  
R u s s e l l ,  G . H .  H a r d y ,  the m a t h e m a t ic ia n ,  and  G . E .  M o o r e .  H e  
w a s  19 at th a t  t im e ,  and  he  w r o te  h is  f i r s t  m a t h e m a t ic a l  p a p e r  on the  
re d u c t io n  o f the t h e o r y  o f  r e la t io n s  to the th e o r y  o f  c la s s e s .  The  
p a p e r  w as  p u b lis h e d  in  the P r o c e e d in g s  o f  the C a m b r id g e  P h i lo s o p h ­
ic a l  S o c ie ty . A f t e r  C a m b r id g e  h is  e d u c a t io n  c o n t in u e d . in  G d tt in g e n ,  
G e r m a n y ,  w h e r e  he ru b b e d  m a t h e m a t ic a l  s h o u ld e rs  w i th  m e n  such  
as F e l i x  K le in ,  F e l i x  B e r n s te in ,  Otto S z a s z ,  and  o th e r s .  B e s id e s  
the m a t h e m a t ic a l  c o u rs e s  he sat in  on som e o f  P r o f e s s o r  H u s s e r l 's  
le c tu r e s  on K a n t  and p h e n o m e n o lo g y . H is  a p p r a is a l  o f h is  G e r m a n  
e x p e r ie n c e  is as fo l lo w s :
The p h i lo s o p h ic a l  c o u rs e s  le f t  v e r y  l i t t l e  . im p r e  s s io n  on 
m e ,  as m y  G e r m a n  w as  in ad eq u a te  fo r  the s u b t le t ie s  o f  
the p h i lo s o p h ic a l  la n g u a g e .  I  got so m e th in g  a t  the t im e
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f r o m  the m a th e m a t ic s  c o u rs e s ,  but m u ch  m o r e  th a t  s o r t  
of in t e l le c t u a l  d o u b le ta k e  th a t  a l lo w s  one to r e a l i z e  a t  a 
l a t e r  date  the im p o r ta n c e  o f  w h a t  one has a l r e a d y  h e a r d ,  
but not u n d e rs to o d  (1 9 6 4 :2 1 0 ) .
A f t e r  h is  d o c to ra te  W ie n e r  d r i f t e d  s o m e w h a t  to  le t  h is  s o c ia l  
m a t u r i t y  ca tch  up w i t h  h is  in te l le c t u a l  c a p a c i ty .  B y  1920 , a t  the  
age o f  2 5, he h a d  f in a l l y  found h is  n ich e  as a n  in s t r u c t o r  in  m a t h e ­
m a t ic s  a t  M .  I .  T .  , a h a p p y  a s s o c ia t io n  w i th  th a t  in s t i tu t io n  th a t  
la s te d  u n in t e r r u p t e d ly  u n t i l  h is  dea th  so m e  45 y e a r s  l a t e r .  B y  age  
2 9 he h ad  a l r e a d y  a c h ie v e d  an in te r n a t io n a l  re p u ta t io n  as a m a t h e ­
m a t ic ia n ,  p a r t i c u l a r l y  a f t e r  he p u b lis h e d  h is  w o r k  on p o te n t ia l  
th e o r y  in  C o m p te s  R e n d u s , P r o f e s s o r  H e n r i  L e b e s g u e 's  m a t h e ­
m a t ic a l  p u b l ic a t io n  f o r  the F r e n c h  A c a d e m y  o f  S c ie n c e s  . T h a t  w a s  
in  1923. F r o m  th e n  u n t i l  W o r ld  W a r  I I ,  he w o r k e d  fo r  som e tw e n ty  
y e a r s  as one o f  the le a d in g  m a t h e m a t ic a l  p io n e e rs  in  w h a t  he d e s ­
c r ib e d  as " th e o r e t ic a l  and  p r a c t i c a l  a d v an ces  in  the  th e o r y  o f  c o m ­
m u n ic a t io n .  " (1 9 6 4 :2 7  5).
B e s id e s  th e s e  e x p e r ie n c e s ,  th e r e  a r e  s e v e r a l  th e m e s  tha t  
ru n  th ro u g h  W ie n e r 's  a u to b io g ra p h y  th a t  he h i m s e l f  e m p h a s iz e s  as 
im p o r ta n t  fa c to r s  in  the m a k e u p  o f  h is  w o r ld  p e r s p e c t iv e .  T h e r e  is  
a v e in  o f  T o ls to y ia n  s o c ia l is m  th a t  both L e o  W ie n e r  and N o r b e r t  
s h a re d .  L e o  W ie n e r  w as  b o rn  a R u s s ia n  Jew  and r e c e iv e d  
h is  a d v a n c e d  e d u c a t io n  in  the G e r m a n  G y m n a s iu m  in  B e r l i n ,  
s p e c ia l i z in g  p a r t i c u l a r l y  in  the c la s s ic a l  lan g u a g es  o f G r e e k  and
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L a t in .  A s  h is  son r e p o r t s  (1 9 6 4 a :1 5 ):
F a t h e r  d id  jo in  up w i th  a s tudent c o l le a g u e  in  a w i l d  u n d e r ­
ta k in g  to found a v e g e t a r ia n - h u m a n i t a r i a n - s o c i a l i s t  c o m ­
m u n i ty  in  C e n t r a l  A m e r i c a .  H is  c o m p a n io n  re n e g e d ,  and  
F a t h e r  found h i m s e l f  a lone  on b o a rd  a sh ip  bound fo r  
H a r t e lp o o l ,  a f t e r  show ing  a b e w i ld e r e d  o f f ic ia l  h is  sch oo l  
c e r t i f i c a t e  in  l ie u  o f the G e r m a n  m i l i t a r y  p a p e rs  w h ic h  he  
shou ld  halve p o s s e s s e d  (W ie n e r ,  1 9 6 4 :1 5 ) .
L e o  la n d e d  in  N e w  O r le a n s  in  1880 a t  the age o f  18, w i th  f i f ty  cen ts  
in  h is  p o c k e t .  H e  w o r k e d  in  a co tton  b a i l in g  fa c t o r y ,  as a w a te r b o y  
on a r a i l r o a d  b e in g  b u i l t  a c r o s s  L a k e  P o n t c h a r t r a in ,  and  t r a m p e d  
th ro u g h  the South and  M id w e s t  w o r k in g  as a f a r m h a n d .  L a t e r ,  a f t e r  
he b e c a m e  a s u c c e s s fu l  p r o f e s s o r  o f p h i lo lo g y  a t  H a r v a r d  U n i v e r ­
s i ty ,  he m o v e d  h is  f a m i l y  to a p la c e  c a l le d  O ld  M i l l  F a r m ,  and N o r ­
b e r t  spent about th r e e  y e a r s  o f  h is  l i f e  in  th is  r u r a l  s e t t in g .  P e r ­
haps the p a r a g r a p h  th a t  b es t  e x p la in s  both N o r b e r t ' s  and  h is  f a t h ­
e r ' s  fe e l in g s  to w a rd s  T o ls to y ia n  s o c ia l is m  is the fo l lo w in g  c o n ­
c e r n in g  L e o 's  c a r e e r  as a n  i t in e r a n t  f a r m e r  w h e n  he f i r s t  c a m e  to 
the U n ite d  S ta te s :
A t  one po in t in  h is  f a r m in g  c a r e e r ,  f a th e r  r a n  in to  the  
r e m a in s  o f  an  o ld  F o u r i e r i s t  c o m m u n i ty  in  M is s o u r i .  It  
o had  gone to seed  and  a l l  the e f f ic ie n t  peo p le  h a d  le f t  i t ,  
w h i le  a l l  the  low  and fo o t le s s ,  in c o m p e te n t  id e a l is ts  r e ­
m a in e d .  F a t h e r  soon had  h is  f i l l  o f  th is  and  w h i le  he  
c o n tin u e d  to be a T o ls to y ia n  a l l  h is  l i f e ,  he n e v e r  a f t e r ­
w a r d  h ad  m u c h  use fo r  those w h o se  id e a l is m  w a s  not 
m ix e d  w i th  a c e r t a in  p r a c t i c a l  sen se . ( W ie n e r ,  1 9 6 4 :1 9 ) .
In  a n o th e r  p la c e  in  W ie n e r 's  a u to b io g ra p h y  (1 9 6 4 :7 2 )  he m a k e s  o b ­
s e r v a t io n s  o f h is  f a th e r 's  re l ig io u s  o r ie n ta t io n ,  w h ic h  is p ro b a b ly
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a ls o  e x p re s s iv e  o f  W i e n e r ’s own s e n t im e n ts :
. . . w h i le  m y  fa th e r  w as  a m a n  o f  s tro n g  m o r a l  sen se ,  
i t  cannot be sa id  th a t  he had  an y  g r e a t  in t e r e s t  in  th e o lo g y .
The  so u rc e  o f  h is  h u m a n i t a r ia n is m  w as  T o ls to y ,  and  even  
though T o ls to y  e m b e l l is h e s  h is  p ro p a g a n d is t  te x t  w i th  m a n y  
q uo ta tions  f r o m  the  B ib le ,  he is a t  h o m e  w ith  th a t  side of  
C h r is t ia n i t y  w h ic h  p re a c h e s  h u m i l i t y  and  c h a r i t y  and e x to l ls  
the  v i r tu e  o f  the o p p re s s e d  and u n d e r v a lu e d .  ( W ie n e r ,  1964 :72 )
S t i l l ,  N o r b e r t ' s  s o c ia l is t  p e r s p e c t iv e s  p r o b a b ly  p o in te d  m o r e  
to w a rd s  J a c k s o n ia n  p o p u lis m  id e a ls  th a n  a fe e l in g  fo r  the u r b a n  poo r  
and  g o v e r n m e n t  o w n e r s h ip  o f  p r iv a t e  c a p i ta l .  W ie n e r  in  r e c o l l e c t ­
ing h is  e x p e r ie n c e s  w i th  the c o u n tr y fo lk  a ro u n d  O ld  M i l l  F a r m  had  
th is  to say:
M y  in d iv id u a l i t y  and  m y  p r iv a c y  w e r e  r e s p e c te d  by m y  
t e a c h e r s ,  m y  p la y m a t e s ,  and m y  o ld e r  s c h o o lm a te s .  I  
w as  t r e a te d  w i th  p a r t i c u la r  a f fe c t io n  and u n d e rs ta n d in g  
b y  M is s  L e a v i t t .  I  had  a chance to see the d e m o c r a c y  o f  
m y  c o u n try  a t  i ts  b e s t  in  a fo r m  in  w h ic h  i t  is e m b o d ie d  
in  the s m a l l  N e w  E n g la n d  tow n . I  w as  p r e p a r e d  and  
r ip e n e d  fo r  the o u te r  w o r ld ,  and fo r  m y  c o l le g e  e x p e r i ­
en c e s . ( W ie n e r ,  196 4 :1 0 1 )
Th e  s m a l l  to w n  n ex t to  the O ld  M i l l  F a r m  w a s  n a m e d  A y e r ,  and
a n o th e r  q u o ta t io n  r e in f o r c e s  the im a g e :
I  have  the im p r e s s io n  th a t  m y  f r ie n d s  in  th is  s m a l l  in d u s ­
t r i a l  tow n r e p r e s e n t  a s o r t  o f  s t a b i l i t y  w ith o u t  s n o b b is h ­
ness w h ic h  is u n iv e r s a l  r a t h e r  than  p r o v in c ia l ,  and th a t  
the  s t r u c tu r e  o f  t h e i r  s o c ie ty  c o m p a re s  w e l l  w i t h  the bes t  
th a t  a s i m i l a r  p la c e  in  E u ro p e  w o u ld  h ave  to o f fe r .  W h en  
I  go b a c k  am o n g  th e m  i t  is e x p e c te d  o f  m e ,  and r ig h t ly  e x ­
p e c te d  o f m e ,  th a t  I  r e v e r t  in  som e m e a s u r e  to m y  sta tus  
as a boy  a m o n g  e ld e r s  o f the f a m i ly .  A n d  I  do so g r a t e ­
fu l ly ,  w i th  a sense o f  roo ts  and s e c u r i t y  w h ic h  is beyond  
p r ic e  fo r  m e .  ( W ie n e r ,  1964 :101 )
N o r b e r t  W ie n e r ,  b e tw e e n  the c o m p le t io n  of h is  serv ic .e  a t  the
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end o f  W o r ld  W a r  I  and the co n tin u an c e  o f h is  m a t h e m a t ic a l  c a r e e r ,  
d id  a s h o r t  to u r  o f  du ty  as a j o u r n a l is t  fo r  the B o s to n  H e r a l d . A s  
p a r t  o f th is  e x p e r ie n c e  he c o v e r e d  one o f the p e r io d ic  s t r ik e s  o f  the 
t e x t i l e  in d u s t r y  of L a w r e n c e ,  M a s s a c h u s e t ts .  H e  saw f i r s t  han d  the  
deepen ing  c o i l f l ic t  b e tw e e n  the new  i m m ig r a n t  la b o r  - -  the F r e n c h  
C a n a d ia n s ,  B e lg ia n s ,  I t a l ia n s  and G r e e k s  - -  tha t  had  s u p p la n te d  the  
e a r l y  E n g l is h  w e a v e r s .  T h e  im p e r s o n a l  a b s en tee  o w n e r s h ip  o f  the 
e m e r g in g  t e x t i le  m a n u fa c tu r in g  c o r p o ra t io n s  had  to a g r e a t  ex te n t  
su p p lan ted  the m o r e  p h i la n th ro p ic  n a t iv e  N e w  E n g la n d  m a n u f a c t u r ­
e r s .  H is  h i s t o r ic a l  p e r s p e c t iv e  w as  in  a g r e a t  sense one o f an  
o ld e r  l i b e r a l i s m  tha t  p e r c e iv e d  an  e ro s io n  of the b r o a d e r  b ased  
v a lu es  o f the 19th c e n tu r y  by a m o r e  s e l f - s e e k in g ,  s in g le - m in d e d  
p r o f i t - o r i e n t e d  va lue  s t r u c t u r e  of the in d u s t r ia l  e r a .  T h e  fo l lo w in g  
is  ev id e n c e  o f th is  s e n t im e n t :
Be th a t  as i t  m a y ,  the b eg in n in g  of the 20th  c e n tu r y  saw  
the b lu n tin g  o f  o u r  n a t io n a l  r e s is ta n c e  to a n t i - s e m i t i s m  as  
i t  saw the b lu n tin g  o f  N e w  E n g la n d 's  t r a d i t io n a l  f r ie n d s h ip  
fo r  the N e g r o  and of m a n y  o th e r  b r o a d e r  a t t i tu d e s  o f the  
e a r l i e r  d ay s . Th e  g i ld e d  age had  a l r e a d y  c o m e  to an  end  
and had  le f t  as i ts  h e i r  the  v a r n is h e d  age . ( W ie n e r ,  1964:
156).
The t e l l t a le  s igns o f h is t o r y  d id  not r e v e a l  to W ie n e r  the e v e r -
u n fo ld in g  a d v a n c e m e n t  of c iv i l i z a t io n ,  but r a t h e r  the fo r e t id in g s  of
fu tu re  c r i s e s .  One o f  h is  o b s e rv a t io n s  w as :
A m o n g  o th e r  th in g s ,  th is  w as  the y e a r  o f  the T i t a n ic .  I t  
r e p r e s e n te d  a shock to  o u r  e m o t io n a l  s e c u r i t y  w h ic h  w as  
a f i t t in g  in t ro d u c t io n  to the shocks to fo l lo w .  I t  w a s  p e r -
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haps th is  eve n t  r a t h e r  th an  the b eg in n in g  o f  the F i r s t  W o r ld  
W a r  tw o y e a r s  l a t e r  th a t  a w a k e n e d  us c h i ld r e n  o f  the long  
p eace  th a t  had  so long p r o te c te d  E u ro p e  and A m e r i c a  to the  
fa c t  th a t  w e  w e r e  not the fa v o r e d  d a r l in g s  o f a b e n e f ic ie n t  
u n iv e r s e .  (W ie n e r ,  1 9 6 4 :1 6 9 ) .
The o th e r  c o m p le m e n t a r y  s t ra n d  in  W ie n e r 's  own p e r s o n a l
l i f e  e x p e r ie n c e  w as  h is  lo ve  o f the o u td o o rs  and o f c o n s e r v a t io n  o f
the w i ld e r n e s s .  H e  f i r s t  c a l ls  a t te n t io n  to th is  in  h is  a u to b io g ra p h y
in  the fo l lo w in g :
The  Sunday sch oo l h ad  a good l i b r a r y ,  and th e r e  w e r e  tw o  
books w h ic h  I  r e m e m b e r  im p r e s s e d  m e  p a r t i c u l a r l y .  One 
w as  R u s k in 's  K in g  o f  the G o ld e n  R i v e r . M a n y  y e a r s  a f t e r ­
w a r d ,  w h e n  I  r e a d  h is  M o d e r n  P a i n t e r s , I  r e c o g n iz e d  the  
sa m e  sense fo r  m o u n ta in  s c e n e ry  and the s am e  s tro n g  e t h i ­
c a l  a t t i tu d e  w h ic h  I  a l r e a d y  knew  in  h is  s to r y  fo r  c h i ld r e n .
The o t h e r -book w as  a n  E n g l is h  v e r s io n  of a F r e n c h  s to r y  
o f  the s e v e n t ie s  e n t i t le d  The A d v e n tu re s  o f  a Young  N a t u r ­
a l i s t  in  M e x i c o . ( W ie n e r ,  1 9 6 4 :8 3 ) .
W ie n e r 's  r e m in is c e n c e s  o f h is  ch ild h o o d  a t  O ld  M i l l  F a r m  
(1 9 6 4 :9 5 )  d u r in g  the y e a r s  1903 th ro u g h  1906, a r e  f i l l e d  w i t h  visions,  
o f punting boats  on ponds, e x p lo r in g  d a r k  tu n n e ls  in  the  bushes  and  
poking  s t ic k s  in  o ld  sloughs to w a tc h  the m a r s h  gas bubb les  r is e  and  
b u r s t .
In  1911 w h e n  N o r b e r t  W ie n e r  w as  17 y e a r s  o ld ,  h is  f a m i l y  
r e n te d ,  th e n  l a t e r  bought, T a m a r a c k  C o tta g e  a t  S a n d w ich , N e w  H a m p ­
s h i r e ,  n e a r  B r id g e w a t e r .  F r o m  th a t  t im e  on, N o r b e r t  sp en t e v e r y  
s u m m e r  o r  a t  le a s t  p a r t  o f  the s u m m e r  t h e r e .  H e  jo in e d  the A p p a ­
la c h ia n  M o u n ta in  C lu b  in  1912 (1 9 6 4 :1 6 8 ) .
H is  a u to b io g ra p h y  a ls o  m e n t io n s  h is  t r a m p s  in  the w oods
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sputh o f G d tt in g e n  in  H a n o v e r - M u n d e n  d u r in g  the s u m m e r  he  spent
in  G e r m a n y  ( W ie n e r ,  1 9 6 4 :2 1 4 ) .  H e  a ls o  ta lk s  abo ut h is  s u m m e r
A p p a la c h ia n  m o u n ta in  c l im b  ( W ie n e r ,  196 4 :227 )  in  1915 w i th  the
p h i lo s o p h e r  R a p h a e l  D e m o s  and tw o  o th e r  young G r e e k s ,  fo l lo w in g
h is  s tu d ies  a t  C o lu m b ia .  P r o b a b ly  one o f h is  b es t d e s c r ip t io n s  o f
the m o u n ta in  r e g io n  n e a r  h is  co ttage  a t  T a m a r a c k  is as fo l lo w s :
Th e  m o u n ta in s  w e r e  an  e t e r n a l  d e l ig h t  to m e .  T h e y  a r e  
b e a u t i fu l  e v e n  now , but in  those  days b e fo re  the w a r  and  
the t h r e a t  o f  w a r ,  b e fo r e  the e x te n s iv e  lu m b e r in g  w h ic h  the  
tw o  w o r ld  w a r s  c a l le d  in to  b e in g , b e fo r e  the m o t o r c a r  and  
i ts  re d u c t io n  o f  d is ta n c e s  to  noth ing  and m u ch  o f  the r o a d ­
s ide  to a r u r a l  s lu m ,  the  c o u n tr y  w a s  b e a u t i fu l  in d eed . A s  
one w hose  p h y s ic a l  a c t i v i t y  is s o m e w h a t  l im i t e d  by h is  i n ­
c r e a s in g  y e a r s  and the v is s ic i tu d e s  o f an a c t iv e  l i f e ,  I  lo o k  
b a c k  w i th  a c e r t a in  sadness to a t im e  w h e n  the m o u n t a in ­
s ides  w e r e  as no th ing  to m y  e f fo r t s ,  and w h e n  tw e n ty  m i n ­
u tes o f r a p id  s t r id in g  w o u ld  c a r r y  m e  to a b an k  o f  la c y  
w o o d  s o r r e l .  F r o m  th is  b an k  I  cou ld  lo o k  up to the  bo les  
of m ig h ty  t r e e s ,  each  f i t  to be a m a s t  o f  a k in g 's  sh ip . I  
f e l t  a sense o f  r o m a n t ic  u n io n  w i th  the h i l l s  and  the fo r e s ts .  
( 1 9 6 4 :1 8 0 ) .
One can  o n ly  in f e r  th a t  h is  d i r e c t  e x p e r ie n c e s  w i th  n a tu r e  w o u ld  
r e in f o r c e  h is  m o r e  t h e o r e t ic a l  d e l ib e r a t io n s .
T h e  a n a lo g y  b e tw e e n  in fo r m a t io n  s y s te m s  and s o c ia l  s y s te m s
fa s c in a te d  W ie n e r .  H e  s ta te s :
I t  is  c e r t a i n ly  t r u e  th a t  the s o c ia l  s y s te m  is an o r g a n iz a ­
t io n  l ik e  the in d iv id u a l ,  that i t  is bound to g e th e r  by a s y s ­
te m  of c o m m u n ic a t io n ,  and th a t  i t  has a d y n a m ic s  in  w h ic h  
c i r c u l a r  p ro c e s s e s  o f  a fe e d b a c k  n a tu re  p la y  an  im p o r ta n t  
p a r t .  (W ie n e r ,  1 9 6 5 :2 4 ) .
H e  c o n tra s te d  the in d iv id u a l  as a c o m m u n ic a t io n s  s y s te m  w ith  
a c o m m u n i ty  as a c o m m u n ic a t io n  s y s te m  and noted  th a t  the f o r m e r
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had  a " f ix e d  n e rv o u s  s y s te m ,  w i t h  p e r m a n e n t  to p o g ra p h ic  r e la t io n s  
b e tw e e n  the e le m e n ts ,  " w h e r e a s  the l a t t e r ,  a c o m m u n i ty ,  "c o n s is ts  
o f  in d iv id u a ls  w i th  s h if t in g  r e la t io n s  in  space and  t im e  and no p e r ­
m a n e n t ,  u n b re a k a b le  p h y s ic a l  c o n n e c t io n s .  " He a s k e d  how a c o m ­
m u n i ty ,  w h e th e r  i t  be a c o m m u n i ty  o f  in s e c ts  l ik e  a b e e h iv e  o r  ants  
o r  a c o m m u n i ty  o f  h u m a n s , ac ts  " in  o r g a n iz e d  u n is o n . " W ie n e r  
n o ted , " O b v io u s ly ,  the s e c r e t  is in  the in te r c o m m u n ic a t io n  of i ts  
m e m b e r s "  (1 9 6 5 :1 5 6 ) .
W ie n e r  s h ied  a w a y  f r o m  the d i r e c t  a p p l ic a t io n  o f fe e d b a c k  
s y s te m s  to the s tudy  o f  a n th ro p o lo g y  and  s o c io lo g y .  W ie n e r  (1965 :  
24) d e s c r ib e s  how G r e g o r y  B a te s o n  and M a r g a r e t  M e a d  u r g e d  h im  
to devote  a la r g e  p a r t  o f h is  e n e rg ie s  to the s tudy  o f  c y b e r n e t ic s  
and its  p o s s ib le  s c ie n t i f ic  a p p l ic a t io n s  to p r o b le m s  o f s o c ie ty .  H is  
fe e l in g s  w e r e :
M u c h  as I  s y m p a th iz e  w ith  t h e i r  sense o f  the u rg e n c y  o f  
the s i tu a t io n ,  and m u c h  as I  hope th a t  th e y  and  o th e r  c o m ­
p e te n t  w o r k e r s  w i l l  ta k e  up the p r o b le m s  o f  th is  s o r t ,  . . .
I  can  s h a re  n e i th e r  t h e i r  fe e l in g  th a t  th is  f ie ld  has the f i r s t  
c la im  on m y  a t te n t io n ,  n o r  t h e i r  h o p e fu ln e s s  th a t  s u f f ic ie n t  
p r o g r e s s  can  be r e g is t e r e d  in  th is  d i r e c t io n  to have  an  
a p p r e c ia b le  th e r a p e u t ic  e f fe c t  on the p re s e n t  d is e a s e s  o f  
s o c ie ty .  ( W ie n e r ,  1 9 6 5 :2 4 ) .
W ie n e r  o b s e rv e d  th a t  w h e r e a s  a s t r o n o m ic a l  p h e n o m en a  can  
be p r e d ic t e d  fo r  m a n y  c e n tu r ie s ,  the p r e d ic t io n  of t o m o r r o w 's  
w e a t h e r  is not an e as y  m a t t e r .  W ie n e r 's  (1 9 6 5 :3 0 )  e x p la n a t io n  
w a s :  "A  s t a r  is a defin ite , o b je c t ,  e m in e n t ly  s u ita b le  fo r  counting
I l l
and c a ta lo g u in g ;  . . . ". B u t he o b s e rv e d  th a t  in  a l l  the lan g u a g e  o f  
m e te o r o lo g y ,  ’’th e r e  is no. such th ing  as a c lo u d , d e f in e d  as an  o b ­
je c t  w i th  a q u a s i - p e r m a n e n t  id e n t i ty ;  . . . "  ( W ie n e r ,  1 9 6 5 :3 1 ) .
Thus w h i le  a n y  o b s e r v e r ,  even  a la y  o b s e r v e r ,  can  see a c lo u d  as  
a p e r c e p t iv e  e n t i ty ,  a s c ie n t is t  cannot d e f in e  a c lo u d  in  any  c o h e re n t  
c h a n g e le s s  w a y .  I t  is a m a s s  o f  ch a ng ing , v a r y in g ,  s h o r t - t e r m  
s t a t is t i c a l  ru n s  th a t  e ludes  d e s c r ip t io n  of c o n t in u i ty  o v e r  t im e :
The t e r m s  'c lo u d , ' ' t e m p e r a t u r e ,  ' ' tu r b u le n c e ,  ' e tc . , 
a r e  a l l  t e r m s  r e f e r r i n g  not to one p h y s ic a l  s i tu a t io n ,  but to 
a d is t r ib u t io n  o f p o s s ib le  s itu a t io n s  o f  w h ic h  o n ly  one a c tu a l  
case  is r e a l i z e d .  I f  a l l  the re a d in g s  of a l l  the m e t e o r o l o g i ­
c a l  s ta t io n s  on e a r th  w e r e  s im u lta n e o u s ly  ta k e n ,  they  w o u ld  
not g ive  a b i l l io n th  p a r t  o f the data  n e c e s s a r y  to c h a r a c t e r ­
iz e  the a c tu a l  s ta te  o f  the a tm o s p h e re  f r o m  a N e w to n ia n  
p o in t o f  v ie w .  ( W ie n e r ,  1 9 6 5 :3 3 ) .
To W ie n e r 's  w a y  o f th in k in g  o f such no tio n s  of e v o lu t io n  as
d e v e lo p e d  in  the th e o r ie s  of C h a r le s  D a r w i n  and  A l f r e d  W a l la c e ,
g ive  a p ic t u r e ,  lo o k in g  b a c k ,  of a " d e f in i te ,  long t im e  t r e n d ,  i n t e r - .
ru p te d  and c o m p l ic a te d  though i t  m ig h t  be f r o m  the s im p le  to the
c o m p le x "  ( W ie n e r ,  1 9 6 5 :3 6 ) .  H o w e v e r ,  he f e l t  th a t:
T h is  step  w as  the r e a l i z a t i o n  th a t  a m e r e  fo r tu i to u s  v a r i a ­
t io n  o f the in d iv id u a ls  o f  a s p e c ie s  m ig h t  be c a r v e d  in to  a 
f o r m  o f  a m o r e  o r  le s s  o n e - d i r e c t io n a l  o r  f e w - d i r e c t io n a l  
p r o g r e s s  f o r  each  l in e  by the v a r y in g  d e g re e s  o f  v ia b i l i t y  
of the s e v e r a l  v a r ia t io n s ,  e i th e r  f r o m  the p o in t  o f  v ie w  of  
in d iv id u a l  o r  the r a c e .
H e  s t a t e s :
D a r w in ia n  e v o lu t io n  is thus a m e c h a n is m  by w h ic h  a m o r e  
o r  less  fo r tu i to u s  v a r i a b i l i t y  is c o m b in e d  in to  a r a t h e r  
d e f in i te  p a t te r n .  ( W ie n e r ,  1 96 5 :36 ) .
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W ie n e r  (1 9 6 5 :3 7 )-  c o m m e n te d  on the c o in c id e n c e  that  
C h a r le s  D a r w in 's  son, S i r  G e o rg e  D a r w in ,  as a p h y s ic is t ,  i n t e r ­
e s te d  h i m s e l f  in  the ra n d o m  m o t io n s  o f the w a v e s  in  a t id a l  sea .
H is  r e s e a r c h  in  th is  a r e a  o f  p h y s ic s  le d  to a " th e o r y  o f  t id a l  e v o lu ­
t io n  (w h ich ) 'is q u ite  d e f in i t e ly  an  a s t r o n o m ic a l  a p p l ic a t io n  of the  
e ld e r  D a r w in .  " T h e se  kincls o f long t e r m  s t a t is t ic a l  ru n s ,  W ie n e r  
f e l t ,  w o u ld  no t be u s e fu l  in  the p r e d ic t io n  o f the fu tu re  c o u rs e  o f  
h is t o r y  o r  the b e h a v io r  o f  a s o c ia l  s y s te m .
A t  th is  p o in t  in  the a r g u m e n t / W i e n e r  (1 9 6 7 :1 8 )  r e tu r n s  to 
h is  p e r s p e c t iv e  o f  the h is t o r y  o f  s c ie n c e  to note  the fu n d a m e n ta l  
change o f  s c ie n t i f ic  a t t i tu d e  on the p r o b le m  of d e t e r m in is m  b e tw e e n  
the  u n iv e r s a l  w o r ld  o f  N e w to n ia n  ph y s ic s  and  the m o r e  s t a t is t i c a l ly  
o r ie n te d  p h y s ic is ts  such as G ib b s ,  B o r r e l l ,  L e g e s g u e ,  H e is e n b e r g .  
H e  says:
T h is  r e v o lu t io n  has  had  the e f fe c t  th a t  p h y s ic s  now no 
lo n g e r  c la im s  to d e a l  w i th  w h a t  w i l l  a lw a y s  h ap pen , but 
r a t h e r  w i th  w h a t  w i l l  h ap pen  w i th  an  o v e r w h e lm in g  p r o ­
b a b i l i t y .  A t  the beg inn ing  o f G ib b s '  own w o r k ,  th is  c o n ­
t in g e n t  a t t i tu d e  w as  s u p e r im p o s e d  on a N e w to n ia n  base  
in  w h ic h  the e le m e n ts  w hose  p r o b a b i l i t y  w a s  to be d i s ­
c u s sed  w e r e  s y s te m s  obeying  a l l  N e w to n 's  la w s .
H e  notes :
I t  is t r u e  th a t  the books a r e  not ye t qu ite  c lo s e d  on th is  
is s u e  and th a t  E in s t e in ,  and in som e p la c e s  D e B r o g l ie  
s t i l l  con tend  th a t  a r ig id  d e t e r m in is t ic  w o r ld  is m o r e  a c ­
c e p ta b le  th a n  a co n tin g en t  one; but th e s e  g r e a t  s c ie n t is ts  
a r e  f ig h t in g  a r e a r g u a r d  a c t io n  a g a in s t  the o v e rw h e lm in g  
fo r c e  o f  a y o u n g e r  g e n e r a t io n .  ( W ie n e r ,  1 9 6 7 :1 8 ) .
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U s in g  p e rh a p s  h is  m o s t  fam o u s  m e ta p h o r ,  W ie n e r  s ta te d
th a t  s c ie n t is ts  a r e  a lw a y s  f ig h tin g  a g a in s t  the A u g u s t in ia n  d e v i l ,  the
re c o g n it io n  th a t  the u n iv e r s e  con ta ins  a fu n d a m e n ta l  e le m e n t  o f
chance w h ic h  changes the te x tu r e  o f  the u n iv e r s e  i t s e l f .  T h is  is a
ra n d o m  e le m e n t ,  an  e le m e n t  o f  o rg a n ic  in c o m p le te n e s s .
W e m a y  c o n s id e r  e v i l ;  the n e g a tiv e  e v i l  w h ic h  St. A u g u s ­
t in e  c h a r a c t e r i z e s  as in c o m p le te n e s s ,  r a t h e r  th a n  the  
p o s i t iv e ,  m a l ic io u s  e v i l  o f  the M a n a c h e a n s .  ( W ie n e r ,
1 9 6 7 :1 9 ) .
The A u g u s t in ia n  D e v i l ,  w h ic h  is not a p o w e r  in  i t s e l f ,  but  
the m e a s u r e  o f  o u r  own w e a k n e s s ,  m a y  r e q u i r e  o u r  fu l l  
re s o u rc e s  to u n c o v e r ,  but w h en  we h a v e  u n c o v e re d  i t ,  w e  
have  in  a c e r t a in  sense e x o r c is e d  i t ,  and i t  w i l l  not a l t e r  
i ts  p o l ic y  on a m a t t e r  a l r e a d y  d e c id e d  w i th  the m e r e  in t e n ­
t io n  of con found ing  us f u r th e r .  (W ie n e r ,  1 9 6 7 :5 0 ) .
’’The  s c ie n t is t  is a lw a y s  w o r k in g  to d is c o v e r  the o r d e r  and  
o r g a n iz a t io n  of the u n iv e r s e ,  and is thus p la y in g  a g a m e  a g a in s t  the  
a r c h e n e m y ,  d is o r g a n iz a t io n .  " (W ie n e r ,  1 9 6 7 :5 0 ) .  I f  a s o c ia l  
s y s te m  such as a w o r ld  s y s te m  w e r e  o r g a n iz e d  to g e th e r  in  som e  
u n ity  of p u rp o s e ,  th en  i t  w o u ld  e x h ib i t  som e k in d  o f o r d e r  th a t  cou ld  
be d e te c te d  b y  the s c ie n t is t  t r y in g  to m a k e  o r d e r  out o f  d is o r g a n iz a ­
t io n .  W ie n e r  lo o ks  upon w o r ld  s o c ie ty  and la m e n ts :
T h e r e  is no h o m e o s ta s is  w h a t e v e r .  W e a r e  in v o lv e d  in  
the b u s in e ss  c y c le s  o f  boom  and f a i l u r e ,  in  the s u c c e s ­
sions o f d ic ta to r s h ip  and r e v o lu t io n ,  in  the w a r s  w h ic h  
e v e ry o n e  lo s e s ,  w h ic h  a r e  so r e a l  a fe a tu r e  o f m o d e r n  
t im e s . 7 ( W ie n e r ,  1 9 6 5 :1 5 9 ) .  (u n d e r l in in g  not in  o r ig in a l )
In  W i e n e r ’s v ie w ,  s o c ia l  s y s te m s  f r o m  t im e  to t im e  h i s t o r i c ­
a l l y  d e g e n e ra te  in to  opposing g roup s  w h o se  v e r y  goa ls  a r e  to d e s t r o y
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the o r g a n iz a t io n  o f  the o th e r  . The  p a t te r n  o f  th is  c o n f l ic t  p re s e n ts  
a type  o f  s o c ia l  d is o r g a n iz a t io n  c o m p le te ly  d i f f e r e n t  to th a t  w h ic h  
cou ld  be u n d e rs to o d  by  the m eth o d s  o f  s c ie n c e .  E a c h  change o f  
p o l ic y  in  one g ro u p  can  be c o u n te re d  by chang ing  s t r a te g y  o f  an o p ­
pos ing  g ro u p ; H e  c a l ls  th is  typ e  o f  d is o r g a n iz a t io n ,  th a t  o f the  
M a n e c h a e a n  D e v i l  ( W ie n e r ,  1 9 6 7 :5 0 ) ,  w h ic h  c r e a te s  opponents who  
a r e  each  d e t e r m in e d  on v ic t o r y  and who w i l l  use an y  t r i c k  o f c r a f t i ­
ness o r  d is s im i la t io n  to o b ta in  v ic t o r y .  W ie n e r  con c lu des  (1 9 6 7 :5 0 ;  
1964 :24 )  th a t  the o n ly  k in d  o f  th e o r y  th a t  can  cope w i th  the M a n e ­
ch a ean  D e v i l  w as  s o m e th in g  on the o r d e r  o f  von  N e u m a n n  and M o r -  
g e n s te rn 's  g a m e  th e o r y .  In  W ie n e r 's  v ie w  an y  s o c ie ty  d o m in a te d  
by "open m a r k e t "  v a lu e s ,  w h e th e r  e x p re s s e d  in  w o r ld  p o l i t i c a l  
c o m p e t i t io n  o r  w e s t e r n  in d u s t r ia l  e c o n o m ic  c o m p e t i t io n ,  is bound  
to d e g e n e ra te  in to  open w a r f a r e  so o n er  o r  l a t e r .  Such a s o c ie ty ,  
e m p h a s iz in g  c o m p e t i t io n  b e tw e e n  g ro u p s  as the m a j o r  fo r c e  fo r  p r o ­
g re s s  and , t h e r e f o r e ,  fo r  good, is w o r k in g  on a s h o r t  s t a t is t ic a l  
ru n .
S h if t in g  to a p e r s p e c t iv e  o f the te c h n o lo g ic a l  im p a c t  o f  the  
second r e v o lu t io n  of c o m m u n ic a t io n s  on such a s o c ie ty  d o m in a te d  
by these  v a lu e s ,  W ie n e r  b e l ie v e s  th a t  the second in d u s t r ia l  r e v o l u ­
t io n  in  c o m m u n ic a t io n s  and  c o m m u n ic a t io n s  m a c h in e r y  is "bound to 
d e v a lu e  the h u m a n  b r a in ,  a t  le a s t  in  its  s im p le r  and  m o r e  ro u t in e  
d e c is io n s .  " Jus t as the f i r s t  in d u s t r ia l  r e v o lu t io n  w a s  bound to
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d e v a lu e  w o r k  o f the h u m a n  a r m  in  c o m p e t i t io n  to m a c h i n e r y .  H e  
s t a t e s :
H o w e v e r ,  ta k in g  the  second  r e v o lu t io n  as a c c o m p l is h e d ,  
the a v e r a g e  h u m a n  b e in g  o f  m e d io c r e  a t ta in m e n ts  o r  le s s  
has noth ing to s e l l  th a t  is w o r th  anyone 's , m o n e y  to buy .  
(W ie n e r , .  1 9 6 5 :2 8 ) .
W ie n e r ,  p e rh a p s  as m u c h  as an y  o th e r  s c ie n t is t ,  fe l t  the  
f r u s t r a t io n  of a s c ie n t is t  w ho  has c o n tr ib u te d  to a g r e a t  b r e a k ­
th ro u g h  o n ly  to see the s c ie n t i f ic  r e s u l ts  p r o s t i tu te d  by the uses  i t  
w o u ld  be put to in  a s o c ie ty  c o n t r o l le d  by o th e r  v a lu e s .  P e rh a p s  
the fo l lo w in g  quote b es t c h a r a c t e r iz e s  h is  m ood:
Tho se  o f  us w ho  h av e  c o n tr ib u te d  to the new  s c ie n c e  o f  
c y b e r n e t ic s  thus s tand  in  a m o r a l  p o s it io n  w h ic h  is ,  to 
say  the le a s t ,  not v e r y  c o m f o r ta b le .  W e have  c o n t r ib u te d  
to the  in i t ia t io n  of a new s c ie n c e  w h ic h ,  as I  h a v e  s a id ,  
e m b r a c e s  te c h n ic a l  d e v e lo p m e n ts  w i th  g r e a t  p o s s ib i l i t ie s  
fo r  good and e v i l .  W e  can  o n ly  h an d  it  o v e r  to the  w o r ld  
th a t  e x is ts  about us and th is  is the w o r ld  o f  B e ls e n  and  
H i r o s h i m a .  W e  do not eve n  h av e  the cho ice  o f  s u p p r e s s ­
ing th ese  new  te c h n ic a l  d e v e lo p m e n ts .  T h e y  b e lo n g  to the  
age and the m o s t  a n y  o f  us can  do by s u p p re s s io n  is to put 
the  d e v e lo p m e n t  of the  s u b je c t  in to  the hands o f  the m o s t  
i r r e s p o n s ib le  and  v e n a l  o f  o u r  e n g in e e r s .  The bes t w e  
can  do is to see th a t  a l a r g e  p u b lic  u n d e rs ta n d s  the t r e n d  
and the b e a r in g  o f  the p r e s e n t  w o r k ,  and to co n fin e  o u r  
p e r s o n a l  e f fo r ts  to those  f ie ld s ,  such as p h y s io lo g y  and  
p s y c h o lo g y ,  m o s t  r e m o t e  f r o m  w a r  and e x p lo i ta t io n .  A s  
w e h a v e  seen , th e r e  a r e  th o se -w h o  hope th a t  the good o f a 
b e t t e r  u n d e rs ta n d in g  of m a n  and s o c ie ty  w h ic h  is o f fe r e d  
b y  th is  new f ie ld  o f w o r k  m a y  a n t ic ip a te  and o u tw e ig h  the  
in c id e n ta l  c o n tr ib u t io n s  w e  a r e  m a k in g  to the c o n c e n t r a t io n  
of p o w e r  (w h ich  is a lw a y s  c o n c e n tra te d ,  by i ts  v e r y  c o n ­
d it io n s  of e x is te n c e ,  in  the hands o f the m o s t  u n s c r u p u ­
lo u s ) .  I  w r i t e ,  in  1947 , and  I  a m  c o m p e l le d  to say tha t  it  
is  a v e r y  s l ig h t  ho p e . ( W ie n e r ,  1 9 6 5 :2 9 ) .
W ie n e r  b e l ie v e s  th a t  c o m p e t i t io n  lead s  to p r o g r e s s
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as the u n d e r ly in g  m y th  o f  h is  e r a .  A s  he  s ta tes :
This Heaven on Earth consists for him in an eternal pro­
gress and a continual assent to Bigger and Better Things. 
(Wiener, 1 9 6 7 :5 9 ) .
H e  d is c u s s e s  th is  w o r s h ip  o f  p r o g r e s s  f r o m  two po in ts  o f  v ie w ,  
f i r s t  as an  e th ic a l  p r in c ip le .  T o  h im ,  no t r a d i t io n a l  r e l ig i o n  can  
o f fe r  to p ay  fo r  v i r t u e  in  the co in  o f the e a r th  but o n ly  as a " p r o ­
m is s o r y  note  on H e a v e n .  " ( W ie n e r ,  1 9 6 7 :6 0 ) .  T h e  e th ic  o f  p r o ­
g re s s  as m a t e r i a l  w e l f a r e  r e s u l ts  in  co v e to u sn es s  and r e s u l ts  in  the  
d e s t r u c t io n  o T a n y  k in d  o f  r a t io n a l  s o c ie ty  based  on s u b m is s io n  to  
o r d e r .  F r o m  the second p o in t  o f  v ie w ,  the p e r s p e c t iv e  o f s c i e n t i ­
f ic  h is t o r y  and s c ie n t i f ic  s o c io lo g y  ( W ie n e r ,  1967 :64 )  suggests  the  
p re s e n t  w o r ld ,  v ie w  is b as ed  on an  h i s t o r ic a l  p e r s p e c t iv e  o f s o c ie ty  
s ta r t in g  f r o m  the 1500 's  w h e n  the p h y s ic a l  w o r ld  w as  one fu l l  o f  
u n e x p lo r e d  r e s o u rc e s  and g e o g ra p h ic  a r e a s .  T h e  p ro s p e c t  o f u n ­
l im i t e d  p h y s ic a l  r e s o u rc e s  e n c o u ra g e d  an  a t t i tu d e :
. . . not u n l ik e  th a t  o f  A l i c e 's  M a d  T e a  P a r t y .  W h en  
the te a  and cakes  w e r e  e x h a u s te d  a t  one sea t,  the n a t ­
u r a l  th in g  fo r  the M a d  H a t t e r  and the M a r c h  H a r e  w a s  to  
m o v e  on and occupy the n ex t sea t .  W h e n  A l i c e  in q u ire d  
w h a t  w o u ld  h ap pen  w h e n  th e y  c a m e  a ro u n d  to t h e i r  o r i g ­
in a l  p o s it io n s  a g a in ,  the M a r c h  H a r e  changed the s u b ­
je c t .  ( W ie n e r ,  1 9 6 7 :6 5 ) .  . . . A s  t im e  p as sed , the tea  
ta b le  o f  the A m e r i c a s  has  p ro v e d  not to be in e x h a u s t ib le ;  
and as a m a t t e r  o f f a c t ,  the r a te  a t  w h ic h  one seat has  
b een  abandoned  fo r  the n e x t  has b ee n  in c r e a s in g  a t w h a t  
is  p r o b a b ly  a s t i l l  in c r e a s in g  p ace .
W h a t  m a n y  of us f a i l  to r e a l i z e  is th a t  the la s t  400  
y e a r s  a r e  a h ig h ly  s p e c ia l  p e r io d  in  the h is t o r y  o f  the  
w o r ld .  The pace a t  w h ic h  changes d u r in g  these  y e a r s
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hav e  ta k e n  p lace  Is u n e x a m p le d  in  e a r l i e r  h is t o r y ,  as is  
the  v e r y  n a tu re  o f  these  changes . T h is  is  p a r t ly  the r e ­
su lt  o f  in c r e a s e d  c o m m u n ic a t io n ,  but a ls o  an in c r e a s e d  
m a s t e r y  o v e r  n a tu re  w h ic h  on a l im i t e d  p la n e t  l ik e  the  
e a r th  m a y  p ro v e  in  the long ru n  to be an  in c r e a s e d  s l a v e r y  
to n a t u r e ,  fo r  the m o r e  w e  g e t  out o f  the w o r ld ,  the le s s  
w e le a v e ,  and  in  the long ru n  w e s h a l l  h a v e  to pay our  
debts a t a t im e  th a t  m a y  be v e r y  in c o n v e n ie n t  fo r  o u r  own  
s u rv iv a l ' .  (W ie n e r ,  1 9 6 7 :6 5 ) .
H is  s e n t im e n ts  a r e  a lm o s t  p r e c is e ly  those v o ic e d  by  W e b e r
( in  G e r t h  and M i l l s ,  195 8 :71 )  som e f o r t y - f o u r  y e a r s  p r e v io u s ly :
F o r  the d e v e lo p m e n t  of m a t e r i a l  in te r e s ts  p o in ts ,  as d i s ­
t in c t l y  as p o s s ib le ,  in  the o p p o s ite  d i r e c t io n :  in  the A m ­
e r ic a n  'b e n e v o le n t  f e u d a l is m ' ,  in  the s o - c a l le d  ’w e l f a r e  
i n s t i t u t io n s ’ of G e r m a n y ,  in  the R u s s ia n  f a c t o r y  c o n s t i tu ­
t io n s .  . . . e v e r y w h e r e  the house is r e a d y  m a d e  fo r  a new
s e r v i tu d e .  I t  o n ly  w a i ts  fo r  the te m p o  of te c h n ic a l  e c o ­
n o m ic  'p r o g r e s s '  to s low  dow n and fo r  re n t  to t r iu m p h  
o v e r  p r o f i t .  The l a t t e r  v ic t o r y ,  jo in e d  w i th  the e x h a u s t io n  
of the r e m a in in g  f r e e  s o i l  and  f r e e  m a r k e t ,  w i l l  m a k e  the  
m a s s e s  'd o c i le ' .  T h e n  m a n  w i l l  m o v e  in to  the house of  
s e r v i tu d e .
Thus W ie n e r  w as  a sound c r i t i c  o f the id e o lo g y  of g r o w th  but 
as a s o c ia l  p h i lo s o p h e r  us ing  c y b e r n e t ic  concepts  r a t h e r  than  as a 
s y s te m s  t h e o r is t .
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C H A P T E R  III E N D N O T E S
1. In  m y  10 days in  a t te n d a n c e  a t  the S y s te m s  D y n a m ic s  
C o n fe re n c e  in  June, 197^, the h i s t o r y  of s y s te m s  d y n a m ic s  w as  
n e v e r  d is c u s s e d .
2. A l th o u g h  W ie n e r  d o e s n 't  m e n t io n  i t ,  n u c le a r  p o w e r  b a s e d  
on E in s t e in ia n  t h e o r y ,  is a l i n e a r  e x p a n s io n  of the  s a m e  te c h n o lo g y  
of p r i m e  m o v e r s ,  a c o n t in u a t io n  o f  the In d u s t r ia l  R e v o lu t io n  o f the  
17th and 18th c e n tu r ie s .
3. S tephan  T o u lm in  and June G o o d f ie ld  (1962 :3  1 5 -3 3  4) g ive  
a d e ta i le d  acc o u n t o f  d 1 L a M e t t r i e ' s  a r g u m e n t .
4. C f .  P i t i r i m  S o ro k in ,  C o n te m p o r a r y  S o c io lo g ic a l  T h e o r ie s  
{N e w  Y o r k :  H a r p e r  &: R o w , 1928 ).
5. M a n n h e im  ( 1 9 7 1 :1 8 -2 0 )  g ives  an  account o f th r e e  p r e ­
s en ta t io n s  o f  m e a n in g  o f an  o b je c t  w h ic h  he c la s s i f ie s t as n a t u r a l ,  
g iv e n  in  the p h y s ic a l  w o r ld ;  e x p r e s s iv e  o r  p s y c h ic ,  g iv e n  in  the  
w o r ld  o f  an  in d iv id u a l 's  own. p e r s o n a l  m o t iv a t io n s  as he sees o b ­
je c ts  in  r e la t io n  to those  m o t iv e s ;  and  d o c u m e n ta r y  o r  c u l t u r a l ,  
g iv e n  in  a w o r ld  o f  g ro u p  m e a n in g .  In  each  case  the o b je c t  has  a 
s p a t i a l - t e m p o r a l  d im e n s io n  to w h ic h  the p a r t i c u la r  m o d e  is  a t ­
ta c h e d  and  b e c o m e s  the t h i r d  d im e n s io n .
In  each  o f  the th r e e  cases  the o b je c t  cou ld  be and is u s u a l ly  
c o n s id e r e d  as space co n s ta n t  and  as m o v in g  th ro u g h  t im e .  A  
v a r ia t io n  of th is  t r a d i t io n a l  p e r c e p t io n  w o u ld  be th a t  of an  o b je c t  
w h ic h  is t im e  con stan t m o v in g  th ro u g h  space .
A n  o b je c t  p e r c e iv e d  in  th is  la s t  m ode  w o u ld  be a d y n a m ic  
o b je c t .  A  s o c ia l  s y s te m  p e r c e iv e d  in  th is  m ode w o u ld  be d e f in e d  
as the  d o c u m e n ta r y  in t e r p r e t a t io n  o f a d y n a m ic  o b je c t .  M e a d o w s  
e t a l  (1 9 7 2 :1 9 )  do not use th is  t e r m in o lo g y ,  but th e y  do in tro d u c e  
L i m i t s  to  G ro w th  w i th  a d is c u s s io n  o f  h u m a n  p e r s p e c t iv e s  o f  space  
and t im e .
6. Som e e x a m p le s  o f  o v e rv ie w s  o f  c y b e r n e t ic s  a r e :  Young  
(1 9 7 3 );  A c k o f f  and E m e r y  (1 9 7 2 );  F u c h s  (1971 ; R o se  (19 6 8 );  
F o e r s t e r  (1968 );  D e c h e r t  (1 9 6 6 );  and , F r a n k  ( I9 6 0 ) .
7. W ie n e r  (1 9 6 7 :6 9 )  w as one o f  the f i r s t  w r i t e r s  to use the  
t e r m  " s o c ia l  fe e d b a c k 1’ as a n  e x p r e s s io n  o f a s o c ie ty 's  a b i l i t y  to
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ad ap t to new e n v ir o n m e n ts  and s u r v iv e  e n v i r o n m e n ta l  change.  
S o c ia l  fe e d b a c k  is by W ie n e r 's  d e f in i t io n  a m e a s u r e  o f  s o c ie ta l  
h o m e o s ta s is .  A p p a r e n t ly  w h a t  W ie n e r  m e a n s  is s o c ie t ie s  cou ld  
c o n c e iv a b ly  be d e s c r ib e d  by in fo r m a t io n - fe e d b a c k  m o d e ls ,  but c o n ­
t e m p o r a r y  w o r ld  s o c ie ty  d is p la y s  no c h a r a c t e r is t i c s  th a t  w o u ld  
le a d  one to  b e l ie v e  p re s e n t  s o c ie t ie s '  b e h a v io r  w o u ld  f i t  th a t  o f a 
fe e d b a c k  m o d e l .
C H A P T E R  IV
T H E  S Y S T E M S  D Y N A M IC S  G R O U P  T A K E S  ON  
T H E  W O R L D  M O D E L
1. The  G e n e s is  o f  the F e e d b a c k  M o d e l
T h e r e  s ee m s  to be no q u e s t io n  th a t  F o r r e s t e r ' s  g oa l c o n ­
s is te d  o f  c a r r y in g  on the d e v e lo p m e n t  o f  the b a s ic  fe e d b a c k  lo o p ,  
the  b a s ic  p a r a d ig m  as d e s c r ib e d  by W ie n e r ,  to the p o in t  at w h ic h  i t  
w o u ld  be an  e f fe c t iv e  too l in  u n d e rs ta n d in g  the d y n a m ic s  o f s o c ia l  
s y s te m s .  The  S loan  School o f M a n a g e m e n t  w as  founded in  1952 , and  
by  1956 F o r r e s t e r  had  jo in e d  the fa c u l ty  w ith  the c le a r  in te n t io n  o f  
the a p p l ic a t io n  o f fe e d b a c k  m o d e ls  to the  s o lu t io n  of d e c is io n  p r o b ­
le m s  and the m a n a g e m e n t  o f  c o m p le x  o r g a n iz a t io n s .  F o r r e s t e r  
( 1 9 6 1 :v i i i )  in  h is  f i r s t  m a jo r  w o r k  on the d e p lo y m e n t  o f fe e d b a c k  
m o d e ls  to p r o b le m s  o f  s o c ia l  s y s te m s ,  se t out the fo l lo w in g  p r o ­
g r a m :
O u r  m o s t  c h a lle n g in g  in te l le c tu a l  f r o n t i e r  o f  the nex t th r e e  
decades  p r o b a b ly  l ie s  in  the d y n a m ic s  o f  s o c ia l  o r g a n i z a ­
t io n s  , ra n g in g  f r o m  g ro w th  o f  the s m a l l  c o r p o r a t io n  to  
d e v e lo p m e n t  o f  n a t io n a l  e c o n o m ie s .  A s  o rg a n iz a t io n s  
grOw m o r e  c o m p le x ,  the n e e d  fo r  s k i l le d  le a d e r s h ip  b e ­
c o m e s  g r e a t e r .  L a b o r  t u r m o i l ,  b a n k ru p tc y ,  in f la t io n ,  
e c o n o m ic  c o l la p s e ,  p o l i t i c a l  u n r e s t ,  r e v o lu t io n ,  an d  w a r  
t e s t i f y  tha t  w e  a r e  not y e t  e x p e r t  enough in  the d e s ig n  and  
m a n a g e m e n t  o f  s o c ia l  s y s te m s .
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The f i r s t  q u e s tio n  one m ig h t  a s k  is how d id  F o r r e s t e r  so lve  
the  p a ra d o x  o f c o n s t i tu t in g  the s o c ia l  s y s te m  as a d e f in i t iv e  o b je c t  
in  a p p a re n t  d e f ia n c e  o f  W ie n e r 's  p ro n o u n c e m e n t  th a t  s o c ia l  s y s te m s  
a r e  too c lo u d - l i k e ,  too e p h e m e r a l  to p ro d u ce  s c i e n t i f i c a l ly  d e f i n ­
a b le  d y n a m ic  b e h a v io r ?  S e v e r a l  m a j o r  l in e s  of d e v e lo p m e n t  can  be 
d is t in g u is h e d  tha t e s ta b l is h  the con d it io n s  p r e c e d e n t  in  m a k in g  
s o c ia l  sys te m s , a p r o p e r  s u b je c t  fo r  s c ie n t i f ic  in v e s t ig a t io n  v ia  the  
fe e d b a c k  loop  a p p ro a c h .
F i r s t ,  o v e r  the p e r io d  of the 50 's  and e a r l y  6 0 's  B e n n e t t ,  
R o b e r ts ,  F o x  and Pugh (197 0) d ev e lo p ed  the c o m p u te r  p r o g r a m m in g  
tech n iq u e s  w h ic h  led  to the  s im u la t io n  of the m o d e l .  T h is  w as  u n d e r  
the gu idance  o f  F o r r e s t e r .  T h e  o r ig in a l  d e v e lo p m e n t  o f  a p p l ic a t io n s  
o f fe e d b a c k  m o d e ls  w as  done by m a th e m a t ic ia n s  such as W ie n e r .
The s im u la t io n  p r o c e s s ,  as F o r r e s t e r  ( 1 9 6 8 :3 -5 )  n o te s ,  t r e m e n ­
d o u s ly  s im p l i f ie s  the m o d e l  a p p l ic a t io n .  T h is  f r e e s  d y n a m ic  m o d e l ­
l e r s  f r o m  the  r ig o r s  o f  y e a r s  o f m a t h e m a t ic a l  b a c k g ro u n d  and a l lo w s  
th e m  to focus t h e i r  a t te n t io n  on the s p e c if ic  e m p i r i c a l  p r o b le m s  of  
the  s o c ia l  s y s te m s  w i t h  w h ic h  th ey  in v e s t ig a te .
Second, i t  w a s  a lm o s t  e n t i r e ly  the w o r k  o f  F o r r e s t e r  (1961 ,  
1968),  the p io n e e r in g  w o r k  w h ic h  le d  to the r e c o n c e p tu a l iz a t io n  and  
s im p l i f ic a t io n  o f s y s te m s  d y n a m ic s  and in d u s t r ia l  d y n a m ic s  la n g u a g e .  
In  o th e r  w o r d s ,  fe e d b a c k  m o d e l  c o n c e p tu a l iz a t io n  p a s s e d  f r o m  the  
h ig h ly  t h e o r e t ic a l  m a t h e m a t ic a l  language o f W ie n e r  and  its  d e v e lo p ­
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e r s  in  the 1 9 4 0 ’ s to the " te x tb o o k  la n g u a g e " ,  as K u hn  (197 0) w o u ld  
put i t ,  o f  F o r r e s t e r  in  the la te  '5 0 's  and '6 0 's .  A g a in  th is  e n ­
h a n c e d  the o p p o r tu n ity  o f s y s te m s  m o d e l le r s  to c o n c e n tra te  t h e i r  
a t te n t io n  on m o d e l  a p p l ic a t io n  r a t h e r  than  t h e o r e t ic a l  d e v e lo p m e n t .
T h i r d  and m o s t  im p o r ta n t ,  h o w e v e r ,  F o r r e s t e r  s e iz e d  upon  
a p r e s u p p o s i t io n a l  change in  th e o r y  w h ic h  W ie n e r  h ad  o v e r lo o k e d .
To  F o r r e s t e r  the w a y  to a p p ro a c h  s o c ia l  s y s te m s  w as  to d e f in e  
th e m  as c lo s e d  s y s te m s  ( F o r r e s t e r ,  1 9 6 8 :1 -5 ;  1 9 6 1 :5 2 ) .  A s  F o r ­
r e s t e r  e x p re s s e d  th is  a s s u m p t io n :
In fo r m a t io n - fe e d b a c k  s y s te m s  a r e  e s s e n t ia l ly  c lo s e d  
s y s te m s .  T h e y  a r e  s e l f - r e g u la t in g ,  and the c h a r a c t e r ­
is t ic s  o f  p r in q ip a l  in t e r e s t  a r e  those th a t  a r i s e  f r o m  the  
in te r n a l  s t r u c t u r e s  and  in te r a c t io n s  r a t h e r  th an  those  
re s p o n s e s  th a t  r e f le c t  m e r e l y  the e x t e r n a l ly  s u p p lie d  
in p u ts .
C lo s e d  s y s te m s  tend  to be s y s te m s  o f  s o c ia l  o r g a n iz a t io n  
w h e r e  the goals  o f  the o r g a n iz a t io n  a r e  se t ,  th a t  is ,  w ith o u t  the p o s ­
s i b i l i t y  o f  d e v ia t io n .  Thus m a n a g e m e n t  a n a ly s is  w as  a fo r tu i to u s  
ch o ice  fo r  a c lo s e d  s y s te m  m o d e l .  In  th is  f ie ld  o r g a n iz a t io n s  i n ­
h e r e n t ly  o p e ra te  on the b a s is  o f  w e l l - d e f in e d  g o a ls .  L in e s  o f  
a u t h o r i t y  a r e  h i e r a r c h i c a l l y  s t r u c t u r e d .  O r g a n iz a t io n  d e c is io n ­
m a k e r s  a r e  c a r e f u l ly  s c r e e n e d  to a p p r o p r ia t e ly  r e f le c t  the ro le  
m o d e l  o f  in te g r a te d  in d iv id u a l  and g ro u p  g o a ls .
The id e a l ly  ru n  b u s in e ss  o r g a n iz a t io n  w o u ld  fo l lo w  a p la n n e d  
c o u rs e  o f  d e v e lo p m e n t ,  o r  us ing  W i e n e r ’s (1 9 6 5 :3 1 )  a s t r o n o m ic a l
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a n a lo g y  i t  w o u ld  h av e  i ts  un ique  D u r c h m u s te r u n g  th a t  a s s u r e s  its  
fu tu re  as a d is c r e t e  o b je c t  m o v in g  to w a rd  a kno w n  d e s t in y  in  s o c ia l  
space and t im e .
The p r o b le m  o f  g o a l - f i x e d  o r g a n iz a t io n s  th a t  a r e  i n f o r m a ­
t io n - t ig h t  has a lw a y s  b een  one of how s y s te m s '  b e h a v io r s  a r e  i n t e r ­
p r e te d  and t r a n s f o r m e d  in to  a c t io n  by the d e c is io n m a k e r s .  H ow  
does the b e h a v io r  o f the s y s te m  in  q u e s tio n  c o m p a re  w i th  the e x p e c ­
ta t io n s  o f the c o n t r o l l e r ?  The c o n t r o l le r 's  k n o w le d g e  of s y s te m  
s t r u c t u r e  is d e c is iv e  in  th is  typ e  o f  p r o b le m .  T h e r e  is p r e s u p p o s i -  
t io n a l ly  no q u e s tio n  abo ut h is  p o w e r  to c o n t r o l  the s y s te m .
In  c o n t r a s t  a s o c ia l  s y s te m  r e p r e s e n t in g  a c o n f l ic t  b e tw e e n  
opposing g roup s  p r e s e n ts  a d i f f e r e n t  p r o b le m  and m o d e l .  The  
r e la t i v e  p h y s ic a l  p o w e r  o f  the two g roup s  is o f  p r i m e  im p o r ta n c e .  
In fo r m a t io n  b e c o m e s  a w e a p o n  in  the hands o f  the a d v e r s a r i e s .
S ince  the pay  o f f  is d o m in a t io n  o f one g ro u p  by  the  o th e r ,  c o n f l ic t  
is h e ig h te n e d  by in fo r m a t io n .  F o r  e x a m p le ,  tw e n ty  p e rs o n s  in  a 
s in k in g  l i f e b o a t  w i l l  tend  to f ig h t  so o n er  and h a r d e r  a f t e r  th e y  know  
fo r  c e r t a in  th a t  th e r e  a r e  o n ly  ten  l i f e ja c k e t s  a b o a rd .
A  t h i r d  type o f  p r o b le m  and m o d e l  is e m p lo y e d ,  in  the case  
of a s o c ia l  s y s te m  c o n t r o l le d  by exogenous v a r ia b le s  beyond  
the p o w e r  o f  the d e c is io n m a k e r  to change in  an y  w a y .  ( F o r r e s ­
t e r ,  1 9 6 1 :5 2 ) .  Th e  d e c is io n m a k e r 's  s t r a te g y  is s im p ly  to d i s ­
c o v e r  these  a s s u m e d  ch a n g e le s s  re la t io n s h ip s  u s u a l ly  by  s a m p l -
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ing data  and d e v e lo p in g  s t a t is t ic a l  c o r r e la t io n s  b e tw e e n  
v a r ia b le s .  E c o n o m e t r ic  and s o c io m e t r ic  m o d e ls  in v e s t ig a te
s o c ia l  s y s te m s  f r o m  th is  p e r s p e c t iv e  ( W i l i e r ,  1967 :4 ;  and
N a i l l ,  1 9 7 2 :1 4 ) .
The  types  o f  questions  bes t s u ite d  fo r  s y s te m s  d y n a m ic s
1
m odelling can  be d e s c r ib e d  by noting  F o r r e s t e r ’s d e f in i t io n  b e ­
tw e e n  " d e c is io n ” and  " p o l ic y " .  A  d e c is io n  is a d i r e c t iv e  fo r  
a c t io n  b as ed  on in f o r m a t io n  r e c e iv e d  r e la t i v e  to the  d is c r e p a n c y  
b e tw e e n  o b s e rv e d  p e r f o r m a n c e  and a p r e - e s t a b l is h e d  g o a l.  D e c i ­
s ions a r e  the a c t io n  g o v e rn in g  c o m m a n d s  w i t h in  a c lo s e d  s y s te m .  
P o l ic y ,  on the o th e r  h an d , is the goa l i t s e l f .  Thus e s ta b l is h in g  
p o l ic y  is  a p ro c e s s  o f  se tt in g  the co n d it io n s  u n d e r  w h ic h  the c lo s e d  
s y s te m  w i l l  o p e r a te .  T h e  p o l ic y m a k e r  is not the s o c ia l  a c to r  w i t h ­
in  the s y s te m ,  but the s y s te m  c r e a t o r .  E s ta b l is h in g  p o l ic y  is e s ­
s e n t ia l ly  an  open s y s te m  p r o c e s s ,  an  a c t  o f ju d g m e n t  not g o v e rn e d  
by an y  p r e c o n c e iv e d  r u le s .
In  the  c o n te x t  o f  w o r ld  s y s te m s ,  s y s te m s -d y n a m ic s - t r a in e d  
p o l ic y m a k e r s  h ave  the b e n e f i t  o f  s tudy ing  th e m  u n d e r  a n u m b e r  o f  
d i f f e r e n t  m o d e l  ru n s  and  thus w o u ld  p r e s u m a b ly  h a v e  s u p e r io r  i n ­
s ig h t in to  the b e h a v io r  o f  the s y s te m  o f  focus . R e tu r n in g  to the  
o r ig in a l  d e f in i t io n  o f w o r ld  v iew  in  C h a p te r  I I . ,  page 3 7 ,  p a r t i c u ­
l a r l y  W o l f f 's  s ta te m e n t  th a t  i t  d e s c r ib e s  "w h at is c o m m o n  to the  
v a r io u s  in te r p r e ta t io n s  o f  the s am e  h is t o r ic a l  p e r io d  th a t  w o u ld
account for their mutual understandability"; world systems contain 
certain statements of policy that are so universally acceptable that 
they are taken without question by those who are supposed to be the 
designers of policy. These universally acceptable policy state­
ments which'are woven into the underlying paradigms of conven­
tional policymakers are perceived as part and parcel of their in­
variant landscape.
S y s te m s  d y n a m ic s  is t h e r e f o r e  an  a n a ly t i c a l  to o l  s u ita b le  fo r  
q u e s tio n in g  the " u n q u e s t io n a b le "  in  w o r ld  s y s te m s  . I t  has the p o te n ­
t i a l i t y  to open s o c ia l  s y s te m s  to in s p e c t io n  and r e a n a ly s is  w h ic h  
have  been  e m p i r i c a l l y  c lo s e d  because  the p a r t i c u l a r  p o l ic y  in  q u e s ­
t io n  has  been  u n a n im o u s ly  se t  ou ts ide  the d o m a in  of c o n s id e r a t io n  by  
p o l ic y m a k e r s  w ho a c t u a l ly  c o n tr o l  the c r e a t io n  o f the s y s te m .  F o r ­
r e s t e r  (1 9 7 3 :3 )  a s s e r ts  th a t  s o c ia l  s y s te m s  a r e  c o u n te r in tu i t iv e .  
P e rh a p s  a m o r e  a c c u r a te  w a y  to p h ra s e  the n o tio n  o f c o u n te r in tu i ty  
is  to  o b s e rv e  th a t  s y s te m s  d y n a m ic s  m o d e l le r s  a r e  in te r e s te d  in  
p r o b le m s  th a t  c h a l le n g e  the  c o n v e n t io n a l  w is d o m  of p o l ic y m a k e r s .
I t  is not the p r o b le m  in  w h ic h ,  as S im m o n s  (1 9 7 3 :1 9 5 )  su g g ests ,  
p o l ic y m a k e r s  a r e  b e le a g u e r e d  by p o o r  in fo r m a t io n ,  in c o r r e c t  r e a s ­
on ing , o r  p o o r  p r o b le m  fo r m u la t io n ,  but r a t h e r  the p r o b le m  w h ic h  
p o l ic y m a k e r s  h ave  abandoned  f o r m u la t io n  of new p o l ic y  and in s te a d  
t r y  io d e a l  w ith  the p r o b le m  a t  the d e c is io n m a k in g  l e v e l  r a t h e r  than  
the p o l ic y  le v e l .
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A  le a r n e d  c o l le g e  p r o fe s s o r  m ig h t  f in d  b ac k in g  a tw e n ty -  
f iv e  ton  t r a i l e r  t r u c k  a c o u n te r in tu i t iv e  e x p e r ie n c e .  The p r o f e s s o r 's  
p r o b le m  is not so m u ch  the kn o w led g e  he la c k s ,  but r a t h e r  the k n o w ­
ledge  he a l r e a d y  p o s sesse s  w h ic h  he m u s t  now som eh ow  th ro w  a w a y .
2 . T o w a rd s  a S c ien ce  o f  S o c ia l  S y s te m s
F o r r e s t e r  is  the  a c k n o w le d g e d  l e a d e r  o f  the M .  I .  T .  s y s te m s  
d y n a m ic s  g ro u p  and its  f o r e m o s t  c o n te m p o r a r y  t h e o r e t ic ia n .  T h e r e ­
f o r e ,  a s h o r t  b io g r a p h ic a l  note w o u ld  be. h e lp fu l  in  u n d e rs ta n d in g  the  
h i s t o r ic a l  d e v e lo p m e n t  o f  th is  s c ie n t i f ic  e p is te m ic  c o m m u n ity .
F o r r e s t e r  w as b o rn  in  1918. H e  spent h is  e a r l y  y e a r s  on a  
c a t t le  ra n c h  o p e ra te d  by h is  p a r e n ts  a t  A n s e lm o ,  N e b r a s k a .  U n l ik e  
W ie n e r ,  h is  b a c k g ro u n d  w as  b u s in e ss  r a t h e r  th a n  a c a d e m ic s . F o r ­
r e s t e r  r e m a r k s  th a t ,  " M y  f i r s t  e x p o s u re  to b u s in e ss  and to the  
n a tu r e  o f  c o m m o d i ty  m a r k e t s  w a s  p r o v id e d  in  m y  e a r l y  youth  a t m y  
m o t h e r  and f a th e r 's  c a t t le  ra n c h .  " ( F o r r e s t e r ,  1 9 6 l : v i i i ) .  H e  
o b ta in e d  h is  b a c h e lo r 's  d e g re e  at. the U n iv e  r s i t y  o f  N e b r a s k a  in  
e l e c t r i c a l  e n g in e e r in g  and w e n t  i m m e d ia t e ly  on to g ra d u a te  s tud ies  
a t M . I .  T .  u n d e r  P r o f e s s o r  G o rd o n  S. B r o w n ,  w ho  w as  then  d i r e c ­
t o r  of the S e r v o -m e c h a n is m s  L a b o r a t o r y .  H is  p r o fe s s io n a l  c a r e e r  
p a r a l l e le d  th a t  o f  W ie n e r 's  in  m a n y  w a y s .  T h e y  w e r e  both p r i ­
m a r i l y  c o n c e rn e d  w i th  the d e v e lo p m e n t  o f  m a t h e m a t ic a l  m o d e ls  
and c o m p u te r  s im u la t io n s  as a p p l ie d  to c o m m u n ic a t io n s  e n g in e e r in g
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problems. Forrester's background was more, narrowly technologi­
cally oriented than Wiener's, and in each case neither individual 
approached the problem of social systems theory from either a 
scientific or a social philosophic perspective until later in life.
F o r r e s t e r ' s  e a r l y  c o n tr ib u t io n s  to e n g in e e r in g  and m a t h e ­
m a t ic s ,  h o w e v e r ,  w e r e  im p r e s s iv e ,  as w e r e  W ie n e r 's .  F o r r e s t e r  
is c r e d i t e d  w ith  the d e v e lo p m e n t  o f the m a g n e t ic  m e m o r y  c e l l  p r e ­
s e n t ly  used  in  h ig h -s p e e d  d ig i ta l  c o m p u te r s .  In c id e n t a l ly ,  a f t e r  
m u ch  w r a n g l in g ,  F o r r e s t e r  p u r p o r te d ly  a r r a n g e d  w i th  M .  I .  T .  , h is  
e m p lo y e r  a t  the t im e  o f the d e v e lo p m e n t  o f  th is  m e m o r y  s y s te m ,  a 
s e t t le m e n t  w h ic h  e s ta b l is h e d  F o r r e s t e r ' s  s h a re  o f  the p a ten t  r ig h ts  
a t in  excess  o f  $1 , 000 , 0 0 0 .  F o r r e s t e r ,  as h e a d  of t h e .M .  I .  T .  
L in c o ln  L a b o r a t o r y  f r o m  1951 to 1955, d i r e c t e d  the t e c h n ic a l  o r ­
g a n iz a t io n  tha t  p lan n e d  and  d e v e lo p e d  the A i r  F o r c e 's  S e m i - A u t o ­
m a t ic  G ro u n d  E n v i r o n m e n t  (S A G E ) s y s te m  fo r  a i r  d e fe n s e .  H e  
th u s , as p o in ted  out p r e v io u s ly ,  by  c o in c id e n c e  w o r k e d  on a s p e c i ­
f ic  a p p l ic a t io n  of the in fo r m a t io n  fe e d b a c k  s y s te m  th a t  w as a c o n -
2t in u a t io n  of W ie n e r 's  p ro to ty p e  gun c o n tr o l  p r o b le m .
H e  r e c e iv e d  h o n o r a r y  d o c to ra te s  f r o m  h is  a lm a  m a t e r ,  the  
U n iv e r s i t y  o f N e b r a s k a ,  an d  B o s to n  U n iv e r s i t y .  In  1968 he r e ­
c e iv e d  the In v e n to r  o f  the Y e a r  a w a r d  f r o m  G e o rg e  W a s h in g to n  
U n iv e r s i t y  and the V a ld e m e r  P a u ls e n  G o ld  M e d a l  f r o m  the D a n is h  
A c a d e m y  of T e c h n ic a l  S c ie n c e s .  U r b a n  D y n a m ic s ,  h is  a p p l ic a t io n
of s y s te m s  d y n a m ic s  to c i t i e s ,  r e c e iv e d  the b es t p u b l ic a t io n  a w a r d  
in  197 0 by  the O r g a n iz a t io n  D e v e lo p m e n t  C o u n c i l  (S im m o n s ,  1973:  
194). E v e n  c r i t i c s  o f  h is  w o r ld  m o d e l  a c k n o w le d g e  h is  " i m p e c ­
ca b le  a c a d e m ic  c r e d e n t ia ls "  (S im m o n s ,  1 9 7 3 :1 9 3 ) .
Forrester, then, and the M .  I. T. systems dynamics group, 
must be considered a part of the large numbers of engineers, sys­
tems analysts and others who have moved in the direction of social 
systems study by way of their knowledge of mathematics, computer 
simulation techniques-, the physical sciences, management control, 
and in general, the control of the technological process in world 
technological society. In the sense that Bogus law (1 9 6 5 :v )  .uses 
the term, he is one of the "new Utopians". The number of these 
"new Utopians" entering social system study and design is consider­
able, but Forrester has not exactly slipped into the army as a 
soldier in the ranks. A case can easily be made that Forrester is 
perhaps one of the most prestigious, if not the most prestigious of 
the engineers as social theorists.
The dust jacket blurb on Industrial Dynamics reads as fol­
lows:
C ite d  by P r o f e s s o r  John R .  P l a t t  o f the U n iv e r s i t y  o f  
C h ic a g o  as "one of the s e m in a l  books of the la s t  20  
y e a r s  . . . books th a t  as f a r  as w e  can  now guess m ig h t  
be c o m p a r a b le  in  u l t im a t e  im p o r ta n c e  to s a y ,  G a l i le o ,  
o r  M o r p h e u s  o r  R o u s s e a u  o r  M i l l .  ( The  N e w  Y o r k  
T im e s ) .
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A s  h is t o r ia n s  o f g r e a t e r  s c h o la rs h ip  m a y  e s ta b l is h  at  
so m e fu tu re  t im e ,  F o r r e s t e r  cou ld  v e r y  w e l l  be c r e ­
d ite d  w i th  p r o v id in g  the m is s in g  l in k  b e tw e e n  the  g ra n d  
co n cep tio n s  o f C la s s ic a l  c o n t in e n ta l  e c o n o m is ts  and  
the im a g in a t iv e  in v e n t io n s  o f  m o d e r n  e le c t r o n ic  w iz a r d s .
A t  th e  p re s s  o f  a c o m p u te r  bu tto n , F o r r e s t e r  l is te n s  to 
the h e a r t b e a t ,  checks the r e s p i r a t io n  r a t e ,  and  m e a s ­
u re s  the r e f le x e s  o f  a f i r m  as w e l l  as  a n y  f u l ly  o u t f i t te d  
m e d ic  does h is  a i l in g  p a t ie n t .
In  a d d it io n  to  F o r r e s t e r ' s  own b a c k g ro u n d  and r e c a l l in g  
tha t the S lo an  School o f M a n a g e m e n t  is a t  M .  I .  T .  , the fo u n ta in h ead  
of te c h n o lo g ic a l  d e v e lo p m e n t ,  i t  s e e m s  n a t u r a l  th a t  the fa c u l ty  and  
g ra d u a te  s tuden t p e rs o n n e l  w o u ld  be r e c r u i t e d  l a r g e l y  f r o m  c o h o r t  
g ro u p s  w i th  s tro n g  te c h n ic a l  b a c k g ro u n d s  and w i th  l i t t l e  a c q u a in t ­
ance  in  the s o c ia l  s c ie n c e s  and h u m a n it ie s .  D o n a ld  R .  M a c k  
(S y s te m s  D y n a m ic s  N e w s l e t t e r , 1972:6 ) e x p re s s e d  the e la n  o f  the  
g ro u p  d u r in g  the h e ig h t  o f c o n t r o v e r s y  o c c a s io n e d  by the r e v ie w  
of L i m i t s  to G ro w th  in  the p o p u la r  p re s s  and the a c a d e m ic  
c o m m u n ity :
. . . W h y  does a s t r a ig h t f o r w a r d  p ro c e d u r e  l ik e  s y s ­
te m s  d y n a m ic s  m a k e  people  so e m o t io n a l?  I  th in k  
i t  is  a t h r e a t  to the p r o fe s s io n a ls  in  e v e r y  f ie ld  it  
to u c h e s . E c o n o m is ts ,  s o c io lo g is ts ,  and p o l i t ic ia n s  
a r e  a p p a l le d  to see s im p l i f y in g  a s s u m p tio n s  and  n u m ­
e r i c a l  r e s u l t s  in  t h e i r  f ie ld  o f c o m p e te n c e  .
A  few  m o n th s  ago I  fe l t  th a t  p e rh a p s  . . . e n g in e e rs
should  s ta y  a w a y  f r o m  s o c ia l  p r o b le m s .  B u t the  
f e r o c i t y  o f  the c r i t i c i s m  o f  m e t h e m a t ic a l  m o d e ls  is  
an in te r e s t in g  new p iece  o f  e v id e n c e  . . . l e t 's  keep
up the  f ig h t.
S y s te m s  d y n a m ic s  has no h i s t o r ic a l  l in k s  w ith  s o c io lo g y . The
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s y s te m s  d y n a m ic s  g ro u p  does not even  r e f e r e n c e  t h e i r  w r i t in g s  to
s o c io lo g is ts .  R a r e l y  has s y s te m s  d y n a m ic s  s tu d ies  been  r e v ie w e d
o r r e fe r e n c e d  in  s o c io lo g ic a l  jo u r n a ls .  On the o th e r  han d , the
e n g in e e r in g  jo u r n a ls  have  c o n ta in ed  e x te n s iv e  r e v ie w s ,  r e f e r e n c e s ,
3
and c r i t iq u e s  o f  s y s te m s  d y n a m ic s  m o d e ls .
F r e e m a n  (1 9 7 3 :6 )  is  c a r e fu l  to r e f e r  to the M . I .  T .  s y s te m s  
d y n a m ic s  g ro u p  as " s y s te m s  a n a ly s ts  and n a t u r a l  s c ie n t is ts "  and  
w h i le  he c r i t i c i z e s  the n o t io n  th a t  on ly  s o c ia l  s c ie n t is ts  m a y  e n te r  
the d o m a in  of s o c ia l  s y s te m  m o d e l l in g ,  he fa u lts  the  g ro u p  m e m ­
b e r s h ip  as not be ing  " in t e r d is c ip l in a r y "  enough. T h is  is an  e x ­
a m p le  o f  the fa c t  th a t  m u c h  o f  the c r i t i c i s m  of the M .  I .  T .  s y s te m s  
d y n a m ic s  g ro u p  is e v id e n c e  o f the c o m p e t i t iv e  s t ru g g le  b e tw e e n  
d i f f e r e n t  s c ie n t i f ic  e p is te m ic  c o m m u n it ie s  each  u s in g  c o m p e tin g  
p a r a d ig m s ;  in  th is  c a s e ,  e n g in e e rs  and s y s te m s  a n a ly s ts  v e rs u s  
s o c ia l  s c ie n t is ts .
The  f i r s t  a p p l ic a t io n  of the m a t h e m a t ic a l  m o d e l  to w h a t  w o u ld  
be an  obvious s o c ia l  a p p l ic a t io n  w as  in  F o r r e s t e r ' s  U r b a n  D y n a m ­
ics  (1 9 6 9 ) ,  fo l lo w e d  c lo s e ly  by M e a d o w s  D y n a m ic s  o f  C o m m o d it ie s  
P r o d u c t io n  C y c le s  (1 9 7 0 ) .  A lo n g  th is  l in e  w o u ld  a ls o  be F o r r e s ­
t e r ' s  (1972) E c o n o m ic  D e v e lo p m e n t  S y s te m s . The c u lm in a t io n  of  
\
th is  m o v e m e n t  to w a r d  the a n a ly s is  o f m o r e  g e n e r a l  s o c ia l  s y s te m s  
w as  the in t r o d u c t io n  o f  the w o r ld  s o c ia l  s y s te m  by F o r r e s t e r  in  h is  
book W o r ld  D y n a m ic s  (1 9 7 1 ) ,  the W o r ld  2 m o d e l  as i t  is c o m m o n ly
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c a l le d  by the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p .  T h is  m o d e l  w as  
f u r t h e r  d e v e lo p e d  and  e x te n d e d  by  M eadow s- et a l  (1972 ) in to  the  
W o r ld  3 m o d e l ,  w h ic h  w as  the b a s ic  m o d e l  p r e s e n te d  and  i n t e r ­
p r e te d  in  L i m i t s  to G r o w t h .
C o nsonant w i th  th is  d e v e lo p m e n t  o f  s y s te m s  d y n a m ic s  as a 
c lo s e d  s y s te m ,  and the d e v e lo p m e n t  o f s y s te m s  d y n a m ic s  f r o m  
in d u s t r ia l  d y n a m ic s ,  the g ro u p  m o v e d  f r o m  te c h n o lo g ic a l  and  
n a t u r a l  s y s te m s  to l a r g e r  s o c ia l  s y s te m s .
I t  w o u ld  be fa ls e  to c o n s id e r  l a r g e r  s o c ia l  s y s te m s ,  such as 
u r b a n  and g lo b a l  s y s te m s ,  as m o r e  c o m p le x  fo r m s  o f  lo w e r  te c h n o ­
lo g ic a l  and  p h y s ic a l  s y s te m s .  In  r e a l i t y ,  the c o m p le x i t y  o f  the  
s y s te m  is l a r g e ly  d e t e r m in e d  by the q u e s tio n  a s k e d  by the s y s te m s  
m o d e l le r  and by the k in d  o f  s y s te m  he has to c o n s tru c t  to  a n s w e r  that; 
q u e s t io n .  In  o p e ra t io n a l  t e r m s ,  the c o m p le x i ty  of a s y s te m 's  
m o d e l  is  e s ta b l is h e d  by the n u m b e r  o f  le v e ls  and  r a te s  n e c e s s a r y  
to  d e p ic t  the d y n a m ic  b e h a v io r  o f  th a t  s y s te m .^  E a c h  m o d e l  is b u i l t  
a ro u n d  q u e s tio n s  a s k e d  by the  m o d e l  b u i ld e r .  T h u s ,  the q u e s tio n  
a s k e d  in  a w o r ld  m o d e l  is :  W h a t  is the r e la t io n s h ip  b e tw e e n  the
w o r ld  o r  g lo b a l  s y s te m , ,  c o n s id e r in g  th a t  its  o r g a n iz in g  p u rp o s e  is 
e c o n o m ic  g r o w th ,  and  the e f fe c t  o f  th is  e c o n o m ic  g ro w th  on the  
f in i te  p h y s ic a l  e n v ir o n m e n t .
F o r r e s t e r ' s  f i r s t  f o r m a l  c o n s tru c t io n  o f  a w o r ld  m o d e l  
(1971 ) a n s w e r s  th is  q u e s tio n .  I t  is a r e l a t i v e l y  s im p le  m o d e l .
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T h a t  o f M e a d o w s  et a l .  (1972) is m o r e  e la b o r a te  and  s o p h is t ic a te d ,  
but does not c o m p a re  in  c o m p le x i ty  in  t e r m s  o f the n u m b e rs  o f  le v e ls  
and r a te s  w i th  F o r r e s t e r ' s  (1969 ) u rb a n  m o d e l .
I t  is an  e m p i r i c a l  fa c t  th a t  the M .  I .  T .  s y s te m s  d y n a m ic s  
g ro u p  has  m o v e d  h i s t o r i c a l l y  f r o m  the in v e s t ig a t io n  of such s y s te m s  
p r o b le m s  as s e r v o m e c h a n is m s ,  b io lo g ic a l  s y s te m s ,  and  the n e r ­
vous s y s te m s  in an a n im a l ,  to the e x p lo r a t io n  o f l a r g e r  te c h n o lo g ic a l  
s y s te m s ;  and f r o m  th ese  to m a n a g e m e n t  s y s te m s ,  m a r k e t  s y s te m s ,  
u rb a n  s y s te m s  and f in a l l y  to g lo b a l  s y s te m s .  F o r r e s t e r  d e s c r ib e s  
the h i s t o r ic a l  p ro c e s s  as i t  a p p l ie s  to s o c ia l  s y s te m s  in  the f o l lo w ­
ing s ta te m e n t :
I  a m  sp e ak in g  o f  w h a t  w a s  e a r l i e r  c a l le d  ' in d u s t r ia l  
d y n a m ic s ' .  Th e  n a m e  w a s  a m is n o m e r  b ecau se  the  
m eth o d s  a p p ly  to c o m p le x  s y s te m s  r e g a r d le s s  o f  the  
f ie ld  in  w h ic h  th e y  a r e  lo c a te d .  A  m o r e  a p p r o p r ia te  
n a m e  is s y s te m s  d y n a m ic s .  In  o u r  w o r k ,  a p p l ic a t io n s  
have  b ee n  m a d e  to  c o r p o r a te  p o l ic y ,  to the d y n a m ic s  of  
d ia b e te s  as a m e d i c a T s y s t e m , to  the g ro w th  and s t a g ­
n a t io n  of the u rb a n  a r e a ,  and m o s t  r e c e n t ly  to w o r ld  
d y n a m ic s  r e p r e s e n te d  by  the in te ra c t io n s  o f p o p u la t io n ,  
p o l lu t io n ,  in d u s t r ia l i z a t io n ,  n a t u r a l  r e s o u rc e s  and food.
S y s te m  d y n a m ic s ,  as an  e x te n s io n  of the e a r l i e r  d e s ig n  
of p h y s ic a l  s y s te m s ,  has b een  u n d e r  d e v e lo p m e n t  a t  
M .  I .  T .  s ince  1956. ( F o r r e s t e r ,  1973 :6 ).
F ig u r e  V I I I  r e p r e s e n ts  a ty p o lo g y  of s y s te m s  show ing  the h i s ­
t o r ic a l  d e v e lo p m e n t  o f the in fo r m a t io n - fe e d b a c k  m o d e l  and  its  a p ­
p l ic a t io n  to s p e c if ic  p r o b le m s .  T h is  d e v e lo p m e n t  s ta r ts  w i th  
W ie n e r 's  c y b e rn e t ic s  and  co n tin u es  in  the F o r r e s t e r  e r a  w i th  s y s ­
te m s  d y n a m ic s .  S t i l l ,  the  b a s ic  p a r a d ig m  of the  i n f o r m a t i o n -
f i g u r e : v i i i
A  T Y P O L O G Y  O F  S Y S T E M S  S H O W IN G  T H E  H ISTO R IC A L D E P L O Y M E N T  OF T H E  IN F O R M A T IO N -F E E D B A C K
M O D E L  A N D  IT S  A P P L IC A T IO N  TO  S P E C IF IC  P R O B L E M S
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O R G A N IZ IN G  P U R P O S E  O F T H E  S Y S T E M  
C om plex  organ izations w ith  con tro l divided between groups  
of po licy  m a k e rs .  U sua lly  some o v e ra l l  p r in c ip a l of 
organiz ing unity such as "the com m on good" or  g re a te s t  
good for g rea tes t  n u m b e r"  or "system w ide economic  
grow th". Thus un ity  of consensus constitutes a 
W orld  TechnoX com m on "w orld  v ie w " . Systems dynam ics is de - 
logical Society \  signed as a tool to help po licym akers  m ake d e c i ­
sions that change system behavior in the d ire c t io n  
of substantial ra t io n a li ty .
U n d iffe ren tia ted  grow th and random  end 
s ta te .
Ongoing fixed goal com plex organ iza  
tions -  contro l concentrated in a 
single p o lic ym aker  group
R E SP O N SE OF T H E  A C T O R  TO  HIS  
P E R C E P T IO N , ( IN F O R M A T IO N )  
A B O U T  T H E  C O N D IT IO N  O F  T H E
C u ltu ra l ly  p ro g ra m m e d  - 
o p tim iza t io n  of g ra t i f ic a t io n
U R B A N  SYSTEMS
C it ies ,  Regions  
R iv e rs  Systems
M A R K E T  S Y STE M S
Stock, Com m odity, Open 
M a rk e t  C u rren cy
M A N A G E M E N T  SY S TE M So p tim iza t io n  of task  
p erfo rm an ce Corporations  
Bureauc rac ie s
T E C H N O L O G IC A L  SY STE M S
Systems of interconnected technologies, 
serv o -m ec h an ism s , m achines and 
operators
S E R V O M E C H A N IS M S  
Autom ated  control machines
M A C H IN E S
C o n tro l led  by a human opera to r
E C O L O G IC A L  SYSTEMS A N D  E T H O L O G IC A LN o rm  of 
su rv iv a l
B IO L O G IC A L  SYSTEM S
P H Y S IC A L  SYSTEMSpurposive
In tegra tion  of subsystem units into 
a p resp ec if ied  goal - purpose of  
the m iss io n
M achine operation by e l i m ­
ination of human o pera to r  
e r r o r
Functional in tegra tion  
of parts to achieve  
design goals
Random
Hom eostasis
E E E S  E N T  
H IS T O R IC A L  C O N D IT IO N  O F  
O B S E R V E D  S Y S T E M  
B E H A V IO R
P re s e n t ly  re f lec ts  unintended  
consequences of the in teraction  
of p o lic ym aker  decisions and 
actor reac tion  to th e ir  p e rc e p ­
tion of the state of the 
system .
Resultant patterned system  
behavior of ind iv idual o p t i ­
m iza t io n  of g ra t if ic a t io n
P re s e n t ly  re f lec ts  in c r e a s ­
ing d is p a r ity  between manage  
ment objectives and systems  
behavior.
P re s e n t ly  re f lec ts  m a s te ry  
of in fo rm ation  - -  feedback  
technology and thus con­
gruence between design  
objective and system b e ­
hav io r  - - a s  w o r ld  techno­
log ica l society reaches the 
end of the cycle of economic  
growth.
E m erg e n t  (open system) 
pattern  by com petition fo r  
science resources
E m erg e n t  (open system)
through process of n a tu ra l  
selection
D e te rm in an t  (closed system)  
set by in i t ia l  condition of the 
system
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fe e d b a c k  s y s te m  has r e m a in e d  s ta b le  o v e r  th is  p e r io d  o f t im e .  In  
a d d it io n  the o r ig in a l  n o t io n  of c o g n it iv e  r a t io n a l i t y  as d e v e lo p e d  a t  
t h a t  is ,  the s c ie n t i f ic a t io n  of te c h n o lo g ie s ,  o r  the d e v e l ­
o p m en t o f the s c ie n c e s  o f  s o c ia l  n eed , con tinues  as the g o v e rn in g  
p r o g r a m m a t ic  s ta te m e n t  o f d e v e lo p m e n t  f r o m  the W ie n e r  e r a  to the  
F o r r e s t e r  e r a .  L o o k in g  b a c k  it  s e e m s  a lm o s t  in e v i ta b le  tha t s o o n e r  
o r  l a t e r ,  m e m b e r s  of the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  w o u ld  
ta c k le  the p r o b le m  o f a p p ly in g  the  in fo r m a t io n - fe e d b a c k  p a r a d ig m  to  
w o r ld  s o c ia l  s y s te m s .
3. E n t e r  the C lu b  o f  R o m e
I f  th e r e  is  a W o r ld  2 and W o r ld  3 m o d e l  th en  w h a t e v e r  h a p ­
pen ed  to W o r ld  1? The s to r y  goes th a t  F o r r e s t e r  ske tc h ed  i t  on the  
b a c k  o f  an  en v e lo p e  d u r in g  the f l ig h t  b a c k  f r o m  B e r n e ,  S w i tz e r la n d  
in  June o f  1970 , a f t e r  h is  f i r s t  m e e t in g  w ith  m e m b e r s  o f  the C lub  o f  
R o m e .  (S im m o n s ,  1 9 7 3 :1 9 5 ) .  T h e  fa c t  to c o n s id e r  h e r e  is th a t  a l l  
of the w o r ld  m o d e ls  p o s t -d a te  the m e e t in g  b e tw e e n  F o r r e s t e r  and  
the C lub  m e m b e r s ,  and t h e r e f o r e ,  a r i s e  out of the in te r a c t io n  b e ­
tw e e n  the G ro u p  and the C lub .
E v id e n t ly  n e i th e r  g ro u p  had  c o n s id e re d  f o r m a l l y  the p r o b le m s  
of e c o n o m ic  g ro w th  as it  r e la te d  to w o r ld  s y s te m s .  The o f f i c ia l  o r  
s ta n d a rd  b ib l io g r a p h ie s  co n ta in in g  the s y s te m s  d y n a m ic s  books and  
a r t i c l e s  do not show such r e fe r e n c e s  p r i o r  to 1970. A u re l io  P e c c e i ,
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w ho is c i te d  as the " p r im e  m o v in g  f o r c e "  (M e a d o w s ,  197 2:10 ) w i th in  
the C lub  o f R o m e ,  h ad  a l r e a d y  w r i t t e n  a book The  C h a s m  A h e a d  (1969 )  
c o n c e rn in g  w h a t  w as  to h im  the m o u n tin g  l i s t  o f  u n iv e r s a l  w o r ld  
p r o b le m s ,  but th ese  w r i t in g s  do not a l lu d e  to e c o n o m ic  g ro w th  as the  
h e a r t  o f  the m a t t e r .  The  c h a s m  w h ic h  P e c c e i  sug gests  is not F o r ­
r e s t e r 's  o v e rg ro w th  and  c o l la p s e  o f  w o r ld  in d u s t r ia l  s o c ie ty ,  b u t,  r a th  
e r ,  the w id e n in g  te c h n o lo g ic a l  d is p a r i t y  b e tw e e n  A m e r i c a n  s o c ie ty  and  
w e s t e r n  E u ro p e a n  s o c ie ty .  One o f  P e c c e i 's  c e n t r a l  a s s e r t io n s  is th a t  
p r o b le m s  a r e  b e c o m in g  m o r e  g lo b a l  in  scope and  can not be so lved  by  
n a t io n a l  p o l ic y m a k in g  g roup s  but o n ly  by  in te r n a t io n a l  g ro u p s .
A s  S im m o n s  (1 9 7 3 :2 0 5 )  n o tes , P e c c e i  sounds a th e m e  tha t
has  b ee n  the key n o te  o f  t e c h n o c r a t ic  u to p ia n  p h ilo s o p h y  s ince the
#
1 9 3 0 's .  T h is  is  th a t  a m o r e  r a t io n a l  a p p ro a c h  co u ld  be m a d e  to  
the d es ig n  o f  w o r k d  s o c ie ty  th an  th a t  d e v e lo p e d  h i s t o r i c a l l y  in  the  
s o c io - p o l i t i c a l  p r o c e s s .  The p o l i t ic ia n s  should  g iv e  g ro u n d  to the  
s c ie n t is ts  and r a t io n a l  p la n n e rs  who w o u ld  th e n  b lo s s o m  fo r th  w i th  
the new  m e th o d s  o f  s o c ie ta l  c o n tr o l .  T h e  v a lu e  s y s te m  of such  
a s o c ie ty  w o u ld  be v e r y  m u c h  the s a m e  as p r e s e n t  te c h n o lo g ic a l  
s o c ie ty :  in c r e a s e d  in d u s t r ia l  d e v e lo p m e n t ,  m o r e  r a t io n a l  p la n ­
n in g , l a r g e r  b u r e a u c r a t ic  e n t i t ie s  m o r e  g lo b a l  in  s c a le  and  
a u th o r i ty ,  in c r e a s e d  e f f ic ie n c y ,  m o r e  c o n t r o l  o v e r  the e n v i r o n ­
m e n t  th ro u g h  te c h n o lo g ic a l  in te rv e n t io n ,  and f in a l ly ,  a m o r e  h o m o ­
genous se t  o f  w o r ld  c u l t u r a l  v a lu e s .  P e c c e i 's  v is io n  o f the fu tu re
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s im p ly  b r in g s  p r e s e n t  w o r ld  te c h n o lo g ic a l  s o c ie ty  to its  lo g ic a l  c o n ­
c lu s io n .
S t i l l ,  s o m e th in g  m u s t  h av e  been  t ro u b l in g  P e c c e i .  H e  
pushed fo r  a m o r e  f o r m a l  s tudy of the g lo b a l  s i tu a t io n .  He dubbed  
th is  in te n d ed  in q u i r y  " P r o je c t  1 9 6 9 " .  In  A p r i l ,  1968 , a g ro u p  o f  
" e c o n o m is ts ,  p la n n e rs ,  g e n e t ic is ts ,  s o c io lo g is ts ,  and m a n a g e r s "  
(S im m o n s ,  197 3 :205 ) a s s e m b le d  to d iscuss  the p r o je c t  but r e s u l ts  
w e r e  not p a r t i c u l a r l y  e n c o u ra g in g .
N e v e r t h e le s s ,  P e c c e i  p e r s e v e r e d  and e s ta b l is h e d  the C lu b  
of R o m e  to  p r o m o te  r e s e a r c h  on g lo b a l  p r o b le m s  and s tud ies  w o u ld  
be m a d e  by m e m b e r s  o f  the s c ie n t i f ic  c o m m u n ity  w i t h  " s o lu t io n s "  
to w o r ld  p r o b le m s  fo l lo w in g  as a n o n -p o l i t ic a l  and o b je c t iv e  f o r m a t .
The C lub  o f  R o m e  as a g ro u p  can  bes t be u n d e rs to o d  by c o n ­
s id e r in g  who the k e y  m e m b e r s  a r e  and w h a t  th ey  r e p r e s e n t .
M e a d o w s  et a l .  (1 9 7 2 :1 0 )  r e v ie w s  th is  as fo l lo w s :
The m e m b e r s  o f  the C lu b  of R o m e  have  b a c k g ro u n d s  as 
v a r ie d  as t h e i r  n a t io n a l i t ie s .  D r .  P e c c e i ,  s t i l l  the p r im e  
m o v in g  fo rc e  w i t h in  the g ro u p ,  is a f f i l i a t e d  w i th  F i a t  and  
O l iv e t t i ,  and m a n a g e s  a co n su lt in g  f i r m  fo r  e c o n o m ic  and  
e n g in e e r in g  d e v e lo p m e n t ,  I ta lc o n s u lt ,  one o f the la r g e s t  
of i ts  k in d  in  E u r o p e .  The o th e r  le a d e r s  o f  the C lu b  o f  
R o m e  in c lu d e  Hugo  T h ie m a n n ,  h ea d  of the B a t te le  I n s t i ­
tu te  o f G e n e v a ;  A le x a n d e r  K in g ,  s c ie n t i f ic  d i r e c t o r  o f  the  
O r g a n iz a t io n  fo r  E c o n o m ic  C o o p e ra t io n  and D e v e lo p m e n ts ;  
S aburo  O k i ta ,  h ea d  o f  the Japan  E c o n o m ic  R e s e a r c h  C e n te r  
in  T o k yo ; E d u a r d  P e s t e l  o f  the T e c h n ic a l  U n iv e r s i t y  of  
H a n o v e r ,  G e r m a n y ;  and C a r r o l l  W i ls o n  of the U n iv e r s i t y  
o f M a s s a c h u s e t ts  In s t i tu te  of T e c h n o lo g y .
I t  is c le a r  th a t  th is  g ro u p  is r e p r e s e n t a t iv e  o f  the typ es  of
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in d iv id u a ls  th a t  p r e s e n t ly  a c c o m p l is h  the r a t io n a l  p la n n in g  o f  w o r ld  
te c h n o lo g ic a l  s o c ie ty .  C a r r o l l  W i ls o n  w as  the co n n ec tin g  l in k  b e ­
tw e e n  the C lu b  o f  R o m e  and the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p .  
A t  h is  su g g es tio n  a m e e t in g  w as  a r r a n g e d  b e tw e e n  F o r r e s t e r  and  
m e m b e r s  o f the  C lub  a t  B e r n e ,  S w i tz e r la n d  on June 29 th  and 30 th ,
' 1970.
E v id e n t ly  F o r r e s t e r  w as  p e r s u a s iv e  as e v id e n c e d  by  a s h if t
in  the C lu b 's  and p r e s u m a b ly  P e c c e i 's ,  ou tlook  to w a r d  the  p r o b le m
5of g lo b a l  s o c ie ty .  Th e  e m p h a s is  s h if te d  f r o m  the c o n v e n t io n a l  
te c h n o c r a t ic  s o lu t io n  o f  g lo b a l  o r g a n iz a t io n s ,  in c r e a s e d  e f f ic ie n c y  
and the r e s t ,  and fo cu sed  in s te a d  on the s e a rc h  fo r  a new  m e t h o d ­
o lo g y  to a p p ly  to  w o r ld  p r o b le m s  and p e rh a p s  new w o r ld  v a lu e s  to 
a c t  as the w o r ld  s y s te m 's  d r iv in g  f o r c e .
M e a d o w s  et a l .  (1 9 7 2 :1 0 )  e x p re s s e s  the new  m o o d  o r  f e e l ­
ing o f the g ro u p  in  the fo l lo w in g  p a r a g ra p h :
The in te n t  o f the p r o je c t  is to e x a m in e  the c o m p le x  o f  
p r o b le m s  t ro u b l in g  m e n  o f  a l l  n a t io n s :  p o v e r ty  in  the
m id s t  o f  p le n ty ;  d e g ra d a t io n  of the e n v ir o n m e n t ;  loss  o f  
fa ith  in  in s t i t u t io n s ; u n c o n t ro l le d  u rb a n  s p re a d ;  i n s e ­
c u r i t y  o f  e m p lo y m e n t ;  a l ie n a t io n  of youth; r e je c t io n  of 
t r a d i t io n a l  v a lu e s ;  and  in f la t io n  and o th e r  m o n e t a r y  and  
e c o n o m ic  d is r u p t io n s .  T h e s e  s e e m in g ly  d iv e r g e n t  p a r ts  
of the " w o r ld  p r o b le m a t iq u e  " as  the C lu b  o f R o m e  c a l ls  
i t ,  have  th r e e  c h a r a c t e r is t i c s  in  c o m m o n :  th e y  o c c u r  in
som e d e g re e  in  a l l  s o c ie t ie s ;  th e y  c o n ta in  te c h n ic a l ,  
s o c ia l ,  .eco n o m ic , and p o l i t i c a l  e le m e n ts ;  and m o s t  i m ­
p o r ta n t  of a l l ,  th e y  in te r a c t .
I t  is the p r e d ic a m e n t  o f  m a n k in d  th a t  m a n  can  p e r c e iv e  
the p r o b le m a t iq u e ,  y e t ,  d e s p ite  h is  c o n s id e r a b le  k n o w -
#
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led g e  and s k i l l s ,  he does not u n d e rs ta n d  the o r ig in s ,  
s ig n i f ic a n c e ,  and in te r r e la t io n s h ip s  of its  m a n y  c o m ­
ponents and thus is un ab le  to d e v is e  e f fe c t iv e  re s p o n s e s .
T h is  f a i lu r e  o c c u rs  in  la r g e  p a r t  b ecause  we con tinue  to  
e x a m in e  s in g le  i te m s  in  the p r o b le m a t iq u e  w ith o u t  u n d e r ­
s tand ing  the w h o le ,  th a t  the w h o le  is m o r e  than  the  sum  
of its  p a r t s ,  th a t  change in  one e le m e n t  m e a n s  change  
in  the o t h e r s ..
Th e  fe e l in g  is one of p e s s im is m  and f r u s t r a t io n .  I t  co u ld  be c h a r ­
a c t e r i z e d  as " a n o m ie  o f the m a n a g e r ia l  c la s s e s " ,  a fe e l in g  o f  
n o r m le s s n e s s  and p o w e r le s s n e s s  b y  those w ho  a r e  supposed both to  
s u p p o rt  and to c o n t r o l  the  s y s te m .
The  im p l ic a t io n  is c l e a r .  Th e  L im i t s  to G ro w th  th e s is  is 
not a r e v o lu t io n a r y  t h e o r y  a r is in g  out o f a c la s s  co n s c io u s n e s s  p e r ­
s p e c t iv e  and d e a lin g  w i th  the is s u e  o f m a s s  d is c o n te n t ,  but i s . r a t h e r  
a r e v o lu t io n a r y  t h e o r y  o f  d is e n c h a n te d  e l i te s  th e m s e lv e s .  N e i t h e r  
is  the th e s is  one o f s c ie n t i f ic  in s t i tu t io n s  d o m in a t in g  the s o c ia l  s y s ­
te m  p o l ic y  m a k in g  r o le  and  thus d is p la c in g  the p re s e n t  p o l i t i c a l  
in s t i tu t io n s  as S im m o n s  (1 9 7 3 :1 9 6 )  suggests; i t  is a c a l l  fo r  a 
"new s c ie n c e "  to b e t t e r  u n d e rs ta n d  the n a tu re  o f s o c ia l  s y s te m s  
and a "new  p o l i t i c ia n "  who b e t t e r  u n d e rs ta n d s  the in te rc o n n e c t io n  
b e tw e e n  th is  "new s c ie n c e "  and the w o r ld  o f  p o l i t i c a l  r e a l i t i e s .
4. S t r a te g y  o f S o c ia l  C hange
A s  m ig h t  be e x p e c te d ,  the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p 's  
a c t io n  p r o g r a m  o f  s o c ia l  change is not one o f r e v o lu t io n  in  the
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s t r e e ts  but in s te a d  a p p e a rs  to be a coup d 'e ta t  of the p a la c e  g u a rd .  
The fa c t  th a t  the L im i t s  to G ro w th  s t r a te g y  o f s o c ia l  change is  m o r e  
th an  p u r e ly  s c ie n t i f ic  and an o b je c t iv e  a n a ly s is  of a p r o b le m  and is ,  
in  fa c t ,  a s o c ia l  p r o g r a m  is s ta te d  e x p l i c i t l y  (M e a d o w s ,  et a l .  , 
1 9 7 2 :2 3 ):
W e  h av e  used  a c o m p u te r  as a to o l to a id  o u r  own u n d e r ­
s tand ing  o f the cau ses  and co n sequences  o f  the a c c e l e r a t ­
ing t re n d s  th a t  c h a r a c t e r i z e  the m o d e r n  w o r ld ,  but  
f a m i l i a r i t y  w i th  c o m p u te rs  is by  no m ean s  n e c e s s a r y  to  
c o m p re h e n d  o r  to d iscu s s  o u r  c o n c lu s io n s .  The. i m p l i ­
ca t io n s  o f  those a c c e le r a t in g  t re n d s  r a is e  issu es  th a t  go 
f a r  beyond  the p r o p e r  d o m a in  o f p u r e ly  s c ie n t i f ic  d o c u ­
m e n t .  T h e y  m u s t  be d eb ate d  by a w id e r  c o m m u n i ty  th an  
th a t  o f s c ie n t is ts  a lo n e .  O u r  p u rp o se  h e r e  is to open  
th a t  d e b a te .
N o tw ith s ta n d in g  the fa c t  th a t  the M .  I .  T .  s y s te m s  d y n a m ic s  
g ro u p  c o n s id e rs  the c o m p u te r  as m e r e l y  a " to o l to a id  o u r  own u n ­
d e r s ta n d in g ,  M i t  a p p e a rs  f r o m  the g e n e r a l  th r u s t  o f the p r o g r a m  
th a t  i t  c o n s id e rs  a th o ro u g h  u n d e rs ta n d in g  o f  the m o d e l  and  a t e c h ­
n ic a l  c a p a b i l i t y  o f  be ing  a b le  to  ru n  i t  on a c o m p u te r  to  be the  
s h o r te s t ,  m o s t  d i r e c t ,  ro u te  to  co n v in c in g  o th e rs  o f  the L i m i t s  to 
G ro w th  th e s is  i t s e l f .  Thus the w id e s t  p o s s ib le  d is s e m in a t io n  o f  
s y s te m s  d y n a m ic s  g ro u p  m e m b e r s ,  c o m p u te r  p r o g r a m s ,  and  the
c o m p u te r  language  in  w h ic h  these  p r o g r a m s  a r e  w r i t t e n  is in  
6o r d e r .
The m o s t  d i r e c t  ro u te  o f d i f fu s io n  o f the a s s u m p tio n s  and the  
con sequent m o d e ls ,  th e n ,  is to p la c e  one of the g ro u p 's  m e m b e r s  in
»
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o th e r  c o r p o ra t io n s  e d u c a t io n a l  in s t i tu t io n s  or g o v e r n m e n t  p lan n in g
a g e n c ie s .  T h is  p e r s o n 's  m a in  e f fo r ts  w o u ld  in  tu r n  be d i r e c t e d  to
the  p r o b le m s  th a t  a r e  c o n s id e re d  v i t a l  to the p a r t ic u la r  a g e n c y .
B u t the g ro u p  m e m b e r  w o u ld ,  as a m a t t e r  o f c o u rs e ,  h av e  a chance
to p r o g r a m  the c o m p u te r  w i th  the w o r ld  m o d e l  and o th e r  m o d e ls  o f
/
p e r ip h e r a l  in t e r e s t  to the a g e n c y  in  q u e s tio n . O th e r  a g e n c y  p e r ­
s o n n e l,  p a r t i c u l a r l y  s e c o n d - l in e ,  y o u n g e r ,  but t e c h n ic a l l y - o r ie n t e d ,  
m a n a g e m e n t  p e o p le ,  w o u ld  have  a chance to e x p e r im e n t  d i r e c t l y  
w ith  the w o r ld  m o d e l  and u r b a n  m o d e ls .  T h is  w o u ld  g iv e  these  
p eo p le  a p r a c t i c a l  s o c ia l i z a t io n  in to  the  c lu s t e r  o f id e a s ,  te c h n iq u e s ,  
b e l ie fs ,  and m e th o d o lo g ie s  th a t  m a k e s  up s y s te m s  dynam ics ,.
E v e n  w ith o u t  a s p e c if ic  m e m b e r  of the M .  I .  T .  s y s te m s  d y ­
n a m ic s  g ro u p ,  the a g e n c y ,  p e rh a p s  th ro u g h  in te r e s te d  a g e n c y  m e m ­
b e rs  w ho h av e  c o m e  in to  c o n tac t  w i th  the  l i t e r a t u r e ,  co u ld  g e t  the  
n e c e s s a r y  c o m p u te r  p r o g r a m s  and , on its  ow n, a d a p t  som e o f t h e i r  
a g e n c y 's  p r o b le m s  to the s y s te m s  d y n a m ic s  v ie w  and te c h n iq u e .
T h is  s t r a te g y  th en  o f  s y s te m s  d y n a m ic s  p e n e t r a t io n  in to  the  c o m ­
p u te r  c e n te r s  o f ta r g e t  a g e n c ie s  c e r t a i n ly  r e p r e s e n ts  a b o ld  and  
in n o v a t iv e  c o n te m p o r a r y  a p p ro a c h  to s o c ia l  change, o r  to use K u h n 's
(1970 ) t e r m in o lo g y ,  to a id  in  the d is p la c e m e n t  o f " th e  n o r m a l  p a r a ­
d ig m "  w i th  the " r a d ic a l  p a r a d ig m " .
F u r t h e r m o r e ,  not o n ly  does the s o c ia l  c lass  c o m p o s it io n  of  
the s y s te m s  d y n a m ic s  g ro u p  and its  s u p p o r te rs  in f lu e n c e  the type  of
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s o c ia l  a c t io n ,  but i t  a ls o  in f lu e n c e s  the f o r m ,  m e th o d o lo g y ,  and  
m a n n e r  o f  p r e s e n ta t io n ,  so to sp e a k , o f th e o r y  and  th e s is .  I t  is of  
p a r a m o u n t  im p o r ta n c e  tha t  the th e o r y  p r e s e n t  i t s e l f  as s c i e n t i f i ­
c a l l y  g ro u n d e d , o b je c t iv e  and r a t io n a l .  C o u ch ed  in  the language  o f  
a c o m p u te r  p r o g r a m  the a l l  in c lu s iv e  t h e o r y  and th e s is  o f L i m i t s  to  
G ro w th  can  re a c h  its  u l t im a t e  g oa l th ro u g h  the m e d iu m  o f  the a g e n c y  
data  bank. The p s y c h o lo g ic a l  e f fe c t  is  u n o b tr u s iv e .  The u n q u e s ­
t io n e d  a s s u m p t io n  th a t  the s y s te m s  d y n a m ic s  m o d e ls  a r e  the o b je c ­
t iv e  p r e d ic t io n  of fu tu re  r e a l i t i e s  s t r o n g ly  h e ig h te n s  the l e g i t im a c y  
of those p r o g r a m s .
5. The  W o r ld  3 M o d e l  V e r s u s  the T h e s is  
of " L i m i t s  to G r o w t h "
In  o r d e r  to u n d e rs ta n d  w h a t  L i m i t s  to G ro w th  is as an  a c t io n  
p r o g r a m  one m u s t  m a k e  a d is t in c t io n  b e tw e e n  the  " w o r ld  m o d e l"  
i t s e l f  and  the " th e s is "  o f L i m i t s  to G r o w t h . The w o r ld  m o d e l  is 
the s im u la te d  c o m p u te r  m o d e l .  Such a m o d e l  can  be e x p re s s e d  as  
fo llo w s  :
(1) A s  the t o t a l i t y  o f  the l e v e l  and  r a te  equ ations  th a t  s e rv e  
to a c t iv a te  the c o m p u te r .  In  L i m i t s  to G ro w th  the l e v e l  
and  r a t e  equ ations  a r e  not g iv e n ,  bu t a r e  shown in  the  
f o l lo w -u p  T e c h n ic a l  R e p o r t .  j n F o r r e s t e r ' s  p ro to ty p e  
W o r ld  2 m o d e l ,  as e x p re s s e d  in  W o r ld  D y n a m ic s ,  the
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l e v e l  and r a te  eq u a tio n s  a r e  c o n ta in e d  in  A p p e n d ix  B 
( 1 9 7 1 :1 3 2 -1 3 4 ) .
(2) A s  a le v e l  and  r a t e  d ia g r a m  ( F o r r e s t e r ,  1 9 7 1 :2 0 -2 1 ;  
M e a d o w s  et a l .  , 1 9 7 2 :1 0 2 -1 0 3 ) .
(3) A s 'a  c a u s a l  loop d ia g r a m  o r  s e r ie s  o f  c a u s a l  loop d i a ­
g r a m s .  T h e s e  a r e  bes t i l l u s t r a t e d  in  M o d e ls  o f D o o m  
(C o le  e t  a l .  , 197 3 :2 6 , 57, 67 , 81 ) .
(4) A s  a f lo w  c h a r t  o r  s e r ie s  o f f low  c h a r ts  (C o le  et a l .  , 1973: 
4 8 ) .
(5) A s  a c o m p u te r  p r in t  out o f  the m o d e l  ru n  i t s e l f .
T e c h n ic a l ly  s p e a k in g ,  w h en  one r e f e r s  to the  W o r ld  3 m o d e l
one is i m p l i c i t l y  r e f e r r i n g  to  the to ta l  m o d e l  w h ic h  in c lu d e s  the  
b a s ic  eq u atio n s  th a t  m a k e  a g e n e r a l  s ta te m e n t  about the m o d e l .  
A d d i t io n a l ly ,  the m o d e l  in c lu d e s  a l l  m o d i f ic a t io n s  of the b a s ic  s t a t e ­
m e n t  and thus a l l .  m o d e l  runs w h ic h  a r e  v a r ia t io n s  o f the b as ic  
m o d e l  in  L i m i t s  to G r o w t h . .In lo g ic a l  t e r m s ,  the  m o d e l  can  o n ly  
be c o n s id e re d  as a f o r m a l  s ta te m e n t  o f the m o d e l l e r 's  own p e r c e p ­
t io n  of p o s s ib le ,  c a u s a l  re la t io n s h ip s  b e tw e e n  v a r ia b le s  a lthough  in  
p h y s ic a l  m o d e ls  these  r e la t io n s h ip s  m ig h t  e x p re s s  fu n d a m e n ta l  p h y ­
s ic a l  la w s .  In  the s o c ia l  s y s te m s  m o d e ls ,  th e y  can  o n ly  r e f le c t  
i n f e r e n t ia l  r e la t io n s h ip s  w h ic h  the m o d e l le r  p e r c e iv e s  to be e m p i r ­
i c a l l y  g ro u n d e d  w ith o u t ,  h o w e v e r ,  be ing  a b le  to e x p la in  the exa c t  
n a tu re  o f the c a u s a l  r e la t io n s h ip .  T h u s ,  to say  th a t  the to ta l  w o r ld
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p o p u la t io n  is a c u m u la t iv e  r e f le c t io n  o f the s ta te  o f  the w o r ld  s y s te m  
at an y  one t im e ,  and th a t  th is  r e f le c ts  the c u m u la t io n  o f b i r t h  r a te s  
m in u s  dea th  r a t e s ,  is  s im p ly  an  a n a ly t ic a l  s ta te m e n t  o f d e f in i t io n .  
B u t  to s ta te  the h y p o th e s is  th a t  the  w o r ld  dea th  r a te  in c r e a s e s  p r o ­
p o r t io n a t e ly  W ith  the w o r ld  p o l lu t io n  r a te  is a s y n th e t ic  s ta te m e n t  
b as ed  on an  in fe re n c e  - -  a c a u s a l  in fe re n c e  - -  d r a w n  by the m o d e l  
m a k e r .  E m p i r i c a l  v a l id a t io n  o f  the m o d e l  w o u ld  thus c o n s is t  of  
e x a m in in g  each  c a u s a l  in fe re n c e  s e p a r a te ly  to d e t e r m in e  i f  th e re  a r e  
e m p i r i c a l  da ta  to su p p o rt  th a t  in fe r e n c e .
The m o d e l  i t s e l f ,  t h e r e f o r e ,  can  be d e f in e d  as a s ta te m e n t  in  
f o r m a l  lo g ic  o f the c o n d it io n  of the s y s te m  o f  in t e r e s t :  (1) as a
" s ta n d a rd  ru n "  w i th  a l l  p o l ic ie s  as p e r c e iv e d  by the m o d e l l e r  to be 
c o n s id e re d  to be f ix e d  and unchang ing  th ro u g h o u t the e n t i r e  m o d e l  
ru n  t im e  f r a m e ,  and (2) as e x p re s s e d  in  a l l  m o d i f ic a t io n s  of the 
s ta n d a rd  ru n  m a d e  b y  the m o d e l l e r  w ith  a l l  p o l ic y  d e c is io n  a l t e r a ­
t ion s  th a t  the m o d e l l e r  d e e m s  r e le v a n t  fo r  the s tudy.
E v e r y  m o d e l  is  d e s ig n e d  a ro u n d  an  o r ig in a l  q u e s t io n  as k e d  
by its  b u i ld e r .  S ta ted  a n o th e r  w a y ,  the m o d e l l e r  m ig h t  say  th a t  he  
has t r i e d  to d e te r m in e  the p u rp o s e  o r  g o a l o f the o n -g o in g  s o c ia l  
s y s te m  as i t  p r e s e n t ly  e x is ts .  In  the case o f  the w o r ld  m o d e ls  (that  
is ,  the W o r ld  2 and  W o r ld  3 m o d e ls )  the o r g a n iz in g  q u e s tio n  o f  p u r ­
pose is ,  " W h a t  is. the r e la t io n s h ip  b e tw e e n  w o r ld  s o c ie ty  and  its  p h y ­
s ic a l  e n v i r o n m e n t ? "  To  d e f in e  th a t  r e la t io n s h ip  f iv e  s y s te m  le v e ls
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a r e  c o n s id e re d  r e le v a n t :  c a p i ta l ,  n o n - r e n e w a b le  r e s o u r c e s ,  p o l lu ­
t io n ,  p o p u la t io n ,  an d  a r e a b le  la n d .  C o n n ec t in g  th e s e  m a j o r  le v e ls  
th a t  d e f in e  the s ta te  o f  the s y s te m  a r e  n u m e ro u s  c a u s a l  l in k s  o r  
r a te s  e x p re s s e d  m a t h e m a t ic a l l y  as r a te  e q u a tio n s .
To  us-e a p h y s ic a l  a n a lo g y ,  each  le v e l  can  be c o n s id e r e d  to 
be the s to ra g e  c a p a c i ty  o f  a w a t e r  r e s e r v o i r .  B e c a u s e  a l l  r e s e r ­
v o i r s  a r e  co n n ec ted  by  a s e r ie s  o f p ipes  and f low  c o n tr o l l in g  v a lv e s ,  
the c o m p u te r  p r in to u t  w o u ld  e x p re s s  the n o n - l in e a r  and  d y n a m ic  
r e la t io n s h ip s  o f the  v a r io u s  r e s e r v o i r  le v e ls  fo r  a p a r t i c u l a r  s t r a t -  
e g y  of v a lv e  s e t t in g s .  V a lv e  se tt in g s  o r  r a te s  a r e  not c h a n g ed  d u r in g  
the  c o m p u te r  p r in to u t .  T h u s ,  once the s y s te m  is t o t a l ly  d e f in e d  
in  t e r m s  o f  le v e ls  and  r a t e s ,  the d y n a m ic  b e h a v io r  o f  the s y s te m  
b e c o m e s  c o m p le te ly  p r e d ic t a b le ,  o r  in  the t e r m in o lo g y  o f  s y s te m s  
d y n a m ic s ,  a l l  m o d e ls  a r e  ru n  on the p r e s u m p t io n  o f a c lo s e d  s y s te m  
( F o r r e s t e r ,  1 9 6 8 :1 -5 ) .  Such a p r e s u m p t io n  does not m e a n  
th a t  the m o d e l  b u i ld e r  h i m s e l f  th in k s  th a t  s o c ia l  s y s te m s  a r e  by  
n a tu r e  c lo s e d  s y s te m s .  I t  is s im p ly  a p r e s u m p t iv e  im p e r a t i v e  th a t  
he m u s t  m a k e  in  o r d e r  th a t  the m o d e l  r u n  i t s e l f  be m a t h e m a t ic a l l y  
d e t e r m in a t e .  In  L i m i t s  to G ro w th  ten  d i f f e r e n t  p o l ic y  a l t e r n a t iv e s  
and  thus m o d e l  runs  a r e  d e s c r ib e d .  T h e  to ta l  m o d e l  thus cou ld  be 
c o n s id e r e d  to be the " s ta n d a r d  r u n "  p lus the n ine p o l ic y  m o d i f i c a ­
t io n  ru n s .
T h e  " th e s is "  o f  L i m i t s  to  G ro w th  in c lu d e s ,  in  a d d it io n  to the
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m o d e l  i t s e l f ,  the  m o d e l l e r 's  p re s u p p o s it io n s  p lus h is  f in a l  i n t e r ­
p r e t a t io n  of the m o d e ls .  I t  is h is  s u m m a r y  e x p re s s io n  and  p r o ­
v is io n a l  co n c lu s io n s  b a s e d  on a l l  o f  the e v id e n c e  and a l l  th a t  is  
kn o w n  to date about the s y s te m  o f in t e r e s t .  The  th e s is  e x p re s s e s  
not o n ly  w h a t  the m o d e l  is l i k e ,  but a ls o  w h a t  the  m o d e l  is l ik e  in  
r e la t io n  to the  l a r g e r  w o r ld  o f  k n o w le d g e .  On the  o th e r  h an d , the  
m o d e l  e x p re s s e s  w h a t  the m o d e l l e r  c o n s id e rs  to be o b je c t iv e  o b s e r ­
va t io n s  o f  the s y s te m  e x p r e s s e d  in  lo g ic a l  and m a t h e m a t ic a l  t e r m s .  
The th e s is  t e l ls  the s to r y  in  the language  o f  e v e r y d a y  l i f e .  T h e
th e s is  o f L im i t s  to G ro w th  can  be s u m m a r i z e d  as fo l lo w s :
(1) H u m a n  p e r s p e c t iv e s . M o s t  p eo p le  l iv e  and a c t  in  s o c ia l
s y s te m s  o f  s m a l l  a r e a  and s h o r t  t im e  h o r i z o n  (1 9 7 3 :  
18). A  few  d e c is io n m a k e r s  w ho  have s u c c e s s fu l ly  
so lved  s m a l l  a r e a  p r o b le m s  m o v e  to l a r g e r  s o c ia l  
s y s te m s  p r o b le m s  set in l a r g e r  g e o g ra p h ic  a r e a s  and  
t im e  f r a m e s .
(2) S m a l l  a r e a  s o c ia l  s y s te m s  v e rs u s  w o r ld  s y s t e m s . P e r ­
son a l and n a t io n a l  s o c ia l  s y s te m s  p r o b le m s  and  o b je c ­
t iv e s  m a y  u l t i m a t e ly  be f r u s t r a t e d  by o v e r r id in g  
p r o b le m s  of w o r ld  s o c ia l  s y s te m s  (1 9 7 3 :1 9 ) .
(3) W o r ld  s y s t e m . The  f i r s t  p r o b le m  in s y s te m s  d y n a m ic s
is to  e s ta b l is h  the fa c t  th a t  th e r e  is such a th in g  as a 
w o r ld  s o c ia l  s y s te m  (1 9 7 3 :2 1 ,  44 ) .
(4) M e n t a l  M o d e l s . Th e  d y n a m ic  b e h a v io r  o f an y  s o c ia l  s y s ­
te m  is d e t e r m in e d  in  p a r t  b y  the m e n ta l  m o d e ls  th a t  
d e c is io n m a k e r s  h av e  of th a t  s y s te m .  T h u s ,  the s o c ia l  
s y s te m  in  the l a r g e r  sense r e p r e s e n ts  not on ly  the p r e ­
c ip i ta te  o b je c t i f ic a t io n  o f the s o c ia l  a c t io n  of a c to r s  
w it h in  the s y s te m  i t s e l f  hut a ls o  the r e la t io n s h ip  o f  
the m e n ta l  m o d e ls  (w o r ld  v ie w s )  o f  d e c is io n m a k e r s  
to s o c ia l  s y s te m  o b je c t i f ic a t io n .
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(5) C o n te m p o r a r y  w o r ld  s y s te m  m e n ta l  m o d e ls . Th e  p re  -
sent w o r ld  s o c ia l  s y s te m  is d o m in a te d  by  m e n ta l  
m o d e ls  w h ic h  h a v e  d e f ic ie n c ie s  in  tha t  th e y  a r e :
(a) O r ie n te d  to p a s t  e x p e r ie n c e s  o f  p o l ic y m a k e r s ,  i .  e. , 
( e x p e r ie n t ia l l y  o r ie n t e d ) .
(b) O r ie n te d  to c u l t u r a l  p r o s c r ip t io n s  of p o l ic y m a k e r s  
(the r e i f i c a t io n  of h i s t o r i c a l l y  d e r iv e d  s o c ia l  s y s ­
te m  p a r a d ig m s ) .
(c) O r ie n te d  t o w a r d  l in e a r  v e rs u s  n o n - l in e a r  th in k in g ,  
the l a t t e r  be ing  the t r u e  n a tu r e  o f any  c o m p le x  
s o c ia l  s y s te m .  T h is  l in e a r  th in k in g  le a d s  p o l i c y ­
m a k e r s  in to  the  c la s s ic  m is ta k e  o f v is u a l i z in g  a 
good s y s te m  as one o f m a x im u m  o p t im iz a t io n  o f  
a l l  s u b -s y s te m s  (1 9 7 3 :1 8 1 ) .
(d) O r ie n te d  to s h o r t - t e r m  t im e  f r a m e s ,  i . e .  , t h i r t y  
y e a r s  o r  m o r e ,  a t  the m o s t ,  in s te a d  o f  long t e r m  
t im e  f r a m e s  such as 200  y e a r s .  t
B e c a u s e  o f  these  f a c t o r s ,  r e a l  s o c ia l  s y s te m s  tend  to  
e x h ib i t  d y n a m ic  b e h a v io r  w h ic h  is c o u n te r in tu i t iv e  to  
c o n te m p o r a r y  m e n ta l  m o d e ls .
(6) P r e s e n t  w o r ld  p o l ic y  and  g r o w t h . B e c a u s e  w o r ld  p o l i c y ­
m a k e r s  th in k  in  t e r m s  o f  c o u n te r in tu i t iv e  m e n ta l  
m o d e ls ,  the p re s e n t  w o r ld  s o c ia l  s y s te m  is o r g a n iz e d  
a ro u n d  th e o r ie s  o f n a t io n a l  e c o n o m ic  d e v e lo p m e n t  
w h ic h  e m p h a s iz e  e x p o n e n t ia l  in c r e a s e  o f in d u s t r ia l  
g ro w th ,  o f c a p i t a l ,  and e x p o n e n t ia l  in c r e a s e  o f  s t a n ­
d a rd s  o f l iv in g  fo r  w o r ld  p o p u la t io n s ,  and w h ic h  a l lo w  
e x p o n e n t ia l  in c r e a s e  o f w o r ld  p o p u la t io n  i t s e l f .  T h is  
de fac to  p o l ic y  of e x p o n e n t ia l  g ro w th  fa i ls  to r e c o g n iz e  
the u l t im a t e  l im i t s  o f the p h y s ic a l  e n v ir o n m e n t  o f the  
w o r l d  s o c ia l  s y s te m .
(7) S o c ia l  c h a n g e . The  f i r s t  p r o b le m  is to co n v in ce  p o l i c y ­
m a k e r s  to  change t h e i r  p e r s p e c t iv e  f r o m  one o f  p r o m o ­
t io n  o f  g ro w th  to  th a t  o f  e q u i l ib r iu m  (1 972:23 , 188 ).
(8) P r o b le m  l im i t a t i o n  of the w o r ld  m o d e l  and l im i t s  o f
g r o w t h . The L i m i t s  to G ro w th  th e s is  does not p ro p o s e  
to  so lve  a l l  o f  the  p r o b le m s  o f the w o r ld ,  but is  r e -
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s t r ic t e d  to an  in -d e p th  a s s e s s m e n t  o f  one p a r t i c u la r  
p r o b le m  - -  the  phase #1 p r o b le m ,  o r  the p r o b le m  o f  
the r e la t io n s h ip  o f s o c ie ty  to its  p h y s ic a l  e n v ir o n m e n t  
(1 9 7 3 :4 6 ) .
(9 )  Th e  c o n c lu s io n s  of the m o d e l l e r s :
(a) I f  the  p re s e n t  g ro w th  t re n d s  in  w o r ld  p o p u la t io n ,  
in d u s t r ia l i z a t io n ,  p o l lu t io n ,  food p ro d u c t io n ,  and  
r e s o u r c e  d e p le t io n  co n tin u e  unchanged , the l im i t s  
to  g ro w th  on th is  p la n e t  w i l l  be re a c h e d  s o m e t im e  
w it h in  the nex t h u n d re d  y e a r s .  Th e  p ro b a b le  r e ­
su lt  w i l l  be a r a t h e r  sudden and u n c o n t ro l la b le  
d e c l in e  in  both p o p u la t io n  and  in d u s t r ia l  c a p a c i ty .
(b) I t  is p o s s ib le  to a l t e r  th ese  g ro w th  t re n d s  and to  
e s ta b l is h  a c o n d it io n  o f  e c o lo g ic a l  and e c o n o m ic  
s t a b i l i t y  th a t  is s u s ta in a b le  f a r  in to  the fu tu re .
The  s ta te  o f g lo b a l  e q u i l ib r iu m  cou ld  be d e s ig n e d  
so th a t  the b a s ic  m a t e r i a l  needs o f each p e rs o n  on 
e a r th  a r e  s a t is f ie d ,  and  each p e rs o n  has an equ a l  
o p p o r tu n ity  to  r e a l i z e  h is  in d iv id u a l  h u m a n  p o te n ­
t i a l .
(c) I f  the w o r ld 's  peo p le  d e c id e  to  s t r iv e  fo r  th is  s e c ­
ond o u tc o m e  r a t h e r  th a n  the f i r s t ,  the s o o n e r  th ey  
w i l l  b e g in  w o r k in g  to a t ta in  i t ,  the g r e a t e r  w i l l  be 
t h e i r  chances o f  s u c cess .
The  th e s is  o f  L i m i t s  to. G ro w th  r e p r e s e n ts  the t o ta l i t y  o f  the  
d i s c ip l in a r y  m a t r i x  o f the M . I . . T .  s y s te m s  d y n a m ic s  g ro u p  as a 
s c ie n t i f ic  e p is te m ic  c o m m u n ity .  I t  is  in  i t s e l f  m o r e  th an  the m a t h e ­
m a t ic a l  m o d e l  o r  " s c ie n t i f ic  t h e o r y ” to those  w ho h o ld  i t .  In  the- 
L i m i t s  to G ro w th  w o r ld  v ie w ,  the s u p p o rt in g  d a ta  a r e  e m b e d d e d  
e v e r y w h e r e  in  the c o u rs e  o f  even ts  o f  the e v e r y d a y  l i f e  w o r ld  o f the 
g lo b a l  c o m m u n i ty .  T h e  A r a b  o i l  e m b a r g o ,  e n e m y  c r is e s ,  d i s a g r e e ­
m e n ts  o v e r  s a fe ty  in  n u c le a r  p o w e r  p la n ts ,  w a t e r  q u a l i ty ,  w a t e r
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r e s o u r c e s  d e v e lo p m e n t ,  u r b a n iz a t io n  o f the c o u n tr y s id e ,  a i r  q u a l i ty ,  
ocean  p o l lu t io n ,  w o r ld w id e  r is e  in  c o m m o d i ty  p r ic e s ,  w o r ld  food  
s u p p ly ,  and w o r ld - e x p e r ie n c e d  p h e nom enon  of in f la t io n  and r e c e s ­
s io n  in  c o m b in a t io n  a l l  r e v e a l  the  s t r u c tu r e  o f  the w o r ld  m o d e l  and  
s u b s ta n t ia te  i t s  g e n e r a l  p r e d ic t iv e  th r u s t .  T o  those o f c o n tra s t in g  
w o r ld  v ie w s  none o f  these  even ts  c o n f i r m  in  the le a s t  w a y  the  L i m i t s  
to G ro w th  w o r ld  m o d e l .
S c ie n t i f ic  p r o g r a m s  w h ic h  a r e  d e s ig n e d  to g a th e r  m o r e  p r e ­
c is e  d a ta ,  im p r o v e  r e l i a b i l i t y  o f d a ta ,  p ro v id e  m o r e  e la b o r a te  
m o d e ls ,  s e g m e n t  the m o d e l  in to  r e g io n a l  a r e a s ,  o r  o f fe r  m o r e  i n -
depth and p e n e t r a t in g  a n a ly s is  o f  s p e c if ic  w o r ld  p r o b le m  a r e a s  a l l
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f a i l  to r e s o lv e  the  c o n tr a s t in g  and c o m p e tin g  w o r ld  v ie w s  o f g ro w th  
and e q u i l ib r iu m .  T o  use K u h n 's  e x p re s s io n ,  the tw o v ie w s  a r e  i n -  
c o m e n s u ra b le  (K uhn , 1 9 7 0 :148 ;  P h i l l ip s , .  1 9 7 5 :3 8 );  th a t  is ,  one 
cannot h o ld  both v ie w s  s im u lta n e o u s ly  an y  m o r e  th an  one can  see  
both p e r s p e c t iv e s  o f  a g e s ta l t  p ic tu r e  in  the s a m e  l ig h t .  F o r  e x ­
a m p le  one v ie w  p la c e s  the d a r k  ob jec ts  as s u b je c t  and  the l ig h t  o b ­
je c ts  as b a c k g ro u n d , and  the n e x t  v iew  r e v e r s e s  the  p r o c e d u r e .
#
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C H A P T E R  IV E N D N O T E S
1. P r o f e s s o r  F o r r e s t e r  m a d e  the d is t in c t io n  b e tw e e n  " p o l ic y "  
and  " d e c is io n "  in  a fo r u m  s e s s io n  t i t le d  " E c o n o m e t r ic s  and the  
F o r g in g  o f P u b l ic  P o l i c y .  " W o r ld  F u t u r e  S o c ie ty ,  Second G e n e r a l  
A s s e m b ly ,  June 2 , 1975.
2. Som e o f  F o r r e s t e r ' s  o th e r  a c c o m p l is h m e n ts  a r e  l is te d  in  
in  the 1974 is s u e  o f  W h o 's  W ho in  A m e r i c a .
3. Som e e x a m p le s  o f th ese  a r t i c l e s  a r e :  K a d a n o f f  (1 9 7 1 );  
B a b c o c k  (1972 );  B e lk in  (1 972 );  B u r d e k in  and M a r s h a l l  (1 9 7 2 );  G a r n  
and  W i ls o n  (1972 );  G ib s o n  (1 9 7 2 );  G r a y  et a l .  (1 9 7 2 );  G r a h a m  
(1 9 7 2 );  K a d a n o f f  and  W im b la t t  (1 9 7 2 ) ;  P a c k  (1 9 7 2 );  P o r t e r  and  
H e n le y  (1972 );  R ic h a r d s o n  e t  a l .  (1 9 7 2 );  S a g n e r  (1 9 7 2 );  S c h r o e d e r  
(1972 );  W h ith e d  (1 9 7 2 );  an d , W h i te  e t a l .  (1 9 7 4 ) .
4. F o r r e s t e r  (1 9 7 5 b :3 2 5 )  e x p la in s  th a t  h is  W o r ld  D y n a m ic s
(1971 ) m o d e l  co n ta in s  f iv e  le v e l  v a r ia b le s .  H is  U r b a n  D y n a m ic s  
(1969 ) m o d e l  co n ta in s  22 l e v e l  v a r ia b le s .  H is  p r e s e n t  p r o je c t  f i n ­
a n c e d  b y  the R o c k e f e l le r  B r o t h e r s  F u n d  is a s tudy  o f the l i f e  c y c le  
of the e c o n o m y  of the U n ite d  S ta te s .  W h en  fu l ly  d e v e lo p e d ,  i t  w i l l  
c o n ta in  som e 2 , 0 0 0  l e v e l  v a r ia b le s .  A  good r u le  of th u m b  a c c o r d ­
ing  to F o r r e s t e r ,  w o u ld  be a r a t io  o f  f iv e  r a te  o r  m u l t i p l i e r  v a r ia b le s  
to  e v e r y  one l e v e l  v a r ia b le .
5 . Pecce .i  in  an  in t e r v ie w  w i t h  O ltm a n s  ( 1 9 7 4 :7 4 1 -4 8 3 )  u p ­
da tes  h is  v ie w s  o f the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p 's  w o r k  and  
of the w o r ld  p r o b le m a t iq u e .
6. F o r r e s t e r ' s  la s t  s e c t io n  of h is  ep ilo g u e  in W o r ld  D y n a m ­
ics  (197 1:127) sets out th is  s t r a te g y .  A  l a t e r  v e r s io n  o f th is  
s t r a te g y  is c o n ta in ed  in  F o r r e s t e r  (1 9 7 5 b :3 2 8 ) .
C H A P T E R  V
T H E  S T R U C T U R A L  A N A L Y S IS  O F  E P I S T E M O L O G Y :  
P H Y S IC A L  S T R U C T U R E  A N D  N O R M A T I V E
S T R U C T U R E
1. P h y s ic a l  S t r u c tu r e  and N o r m a t iv e  S t r u c tu r e
A .  The M e th o d o lo g y  of E p is t e m ic  A n a ly s is
Thus f a r ,  the a p p ro a c h  o f th is  th e s is  has  been  to d e s c r ib e
the M . I .  T .  s y s te m s  d y n a m ic s  g ro u p  as a c o m m u n i ty  o f  s c ie n t i f ic
p r a c t i t i o n e r s ,  d e v e lo p in g  h i s t o r i c a l l y  a c e r t a in  p e r s p e c t iv e  o f th e i r
con cep t o f the s o c ia l  s y s te m .  A s  W i ls o n  (1 9 7 3 :1 3 0 )  no tes :
T h e  b a s ic  co m p o n en ts  o f  an  e p is te m o lo g y  a r e  a c o m ­
m u n i ty  of e x p e r ie n c e r s , a set o f  w a y s  o f e x p e r ie n c in g ,  
and an  a g g re g a te  o f  e x p e r ie n c e s  o f  th ings  e x p e r ie n c e d .
The t h e o r e t ic a l  focus now sh if ts  to the s tudy o f  p r e s u p ­
p o s it io n s  th e m s e lv e s ,  tha t  is ,  f r o m  an  h is t o r ic a l  m e th o d o lo g y  to
w h a t  M a n n h e im  c a l ls  "the s t r u c t u r a l  a n a ly s is  o f e p is te m o lo g y "
1
( M a n n h e im ,  1 9 5 3 :1 5 -7 3 ) .
L a s z lo  (1973) and  the c o n t r ib u to r s  to h is  e d i te d  c o l le c t io n  of  
e s s a y s  c r i t iq u in g  both  L i m i t s  to G ro w th  and F o r r e s t e r ' s  s y s te m s  
d y n a m ic s  th e o r ie s  have  r a is e d  and  e x a m in e d  the e p is te m o lo g y  o f  
s y s te m s  d y n a m ic s  f r o m  a n u m b e r  o f p e r s p e c t iv e s .  T h is  c h a p te r
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w i l l  s e e k  to a n a ly z e  in  depth one p a r t ic u la r  is s u e  th a t  is  fu n d a m e n ta l
to the u n d e rs ta n d in g  of the F o r r e s t e r - M e a d o w s  s y s te m s  d y n a m ic
t h e o r y  and  m o d e l l in g  te c h n iq u e s .  U s in g  Q u in e 's  t e r m in o lo g y ,  i t  is  
2
a s o c ia l  " p a r a d o x "  th a t  som e th e o r is ts  u n d e rs ta n d  s o c ia l  s y s te m s  
as n o r m a t iv e - s y s te m s  and o th e rs  as p h y s ic a l  s y s te m s .
The  e p is te m o lo g ic a l  q u e s tio n  is th a t  o f the  d i f f e r e n c e  b e ­
tw e e n  n o r m a t iv e  s t r u c t u r e  and p h y s ic a l  s t r u c t u r e .  W h a t  is the  
d i f fe r e n c e  b e tw e e n  the n o r m a t iv e  p e r s p e c t iv e  and the  p h y s ic a l  p e r ­
s p e c tiv e  of a s o c ia l  r e a l i t y ?  W i ls o n  (1 9 7 3 :1 2 7 )  no ted  th r e e  p e r -
3
s p e c t iv e s ,  p h y s ic a l ,  n o r m a t iv e ,  and p r o b a b i l is t ic ,  but th is  
c h a p te r  c o n tra s ts  the f i r s t  tw o . B e c a u s e  F o r r e s t e r  e m p h a s iz e s  
the t e r m  " s t r u c t u r e "  to denote  th a t  w h ic h  g iv e s  u n d e r s ta n d a b i l i t y  
to a s y s te m ,  th is  c h a p te r  uses the concepts  o f  p h y s ic a l  s t r u c tu r e  
and n o r m a t iv e  s t r u c t u r e  as the p r e f e r r e d  ones.
B y  d e f in i t io n ,  e p is te m ic  s t r u c tu r e s  a r e  p ro d u c t io n s  of o n ­
going s o c ia l  e n t e r p r is e s ,  th a t  is ,  h i s t o r ic a l  a c h ie v e m e n ts  o f e p i s ­
te m ic  c o m m u n i t ie s .  H o w ,  th e n ,  can  one d e s c r ib e  o r  m a p  tha t  
s t r u c t u r e  u n d e r  the co n d it io n s  o f  a p a r t i c u la r  e p is te m o lo g y ?  M o r e  
s p e c i f ic a l ly ,  in  w h a t  p o s s ib le  w a y s  can  an y  p a r t i c u la r  e p is te m o lo g y  
acc o u n t fo r  the d i f f e r e n c e  b e tw e e n  s o c ia l  and  p h y s ic a l  s t r u c t u r e ?
The  q u e s tio n  is a c r u c ia l  one fo r  c o m p a r in g  the M .  I .  T .  g ro u p 's  
w o r ld  v ie w  o f  e q u i l ib r iu m  w ith  the w o r ld  v ie w  o f  g ro w th .
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B . The T w i l ig h t  o f  P h y s ic a l  S y s te m s
S k o l im o w s k i  in  h is  e s s a y  "T h e  T w i l ig h t  o f  P h y s ic a l  D e s c r i p -
4t io n  and  the A s c e n t  o f  N o r m a t i v e  M o d e ls  " (1 9 7 3 :9 9 )  is  one c r i t i c
th a t  s p e c i f ic a l ly  c h a lle n g e s  the s tudy o f w o r ld  s y s te m s  as p h y s ic a l
s y s te m s .  S k o l im o w s k i 's  (1 9 7 3 :1 0  9 -110) a r g u m e n t  p ro c e e d s  as fo l lo w s :
The  n o r m s  o f s u r v iv a l  and  w e l l - b e in g  o f  o r g a n is m s  cannot,  
be deduced  f r o m  the d e s c r ip t io n s  of th ese  o r g a n is m s  in  
t e r m s  o f  p h y s ic s  and c h e m is t r y .  Just the o p p o s ite ,  the  
a r r a n g e m e n t  o f lo w e r  o rg an s  and u l t im a t e ly  of the c e l ls  
and t h e i r  c h e m is t r y  is s u b o rd in a te d  to th ese  n o r m s  o f  s u r ­
v iv a l .  T h is  is  not to say  tha t  som e n o n m a t e r ia l  e n t i t ie s  
c a l le d  " n o rm s  o f  s u r v i v a l "  a r r a n g e  the  c h e m i s t r y  o f  the  
c e l ls .  B u t r a t h e r  th a t  the te le n o m ic  c h a r a c t e r  o f o r g a n ­
is m s ,  as seen  th ro u g h  the n o rm s  of s u r v iv a l ,  is  a d e f in in g  
c h a r a c t e r is t i c  o f  l iv in g  o r g a n is m s  as l iv in g  (1 9 7 3 :1 0 9 -1 1 0 ) .
To  S k o l im o w s k i ,  the  m e th o d o lo g ic a l  p r o g r a m  o f s c ie n c e  is  
one o f p h y s ic a l  r e d u c t io n is m , th a t  is ,  the d e s c r ip t io n  of the c a s u a l  
s t r u c t u r e  o f  a h ig h e r  le v e l  s i tu a t io n  in  t e r m s  o f  the p r o p e r t ie s  o f  
the  s m a l le r  e le m e n ts  w i t h in  the  p r o b le m  a r e a ,  fo r  e x a m p le ,  in  
te rm ,s  o f m o le c u la r  s t r u c t u r e  o r  a to m ic  s t r u c t u r e ,  fo r c e  p a t te rn s  
o r  o th e r  p u r e ly  p h y s ic a l  c o n c e p ts .  F u r t h e r m o r e  p h y s ic a l  s t r u c t u r e ,  
he a s s e r t s ,  tends to be d e t e r m in is t i c  o r  c lo s e d  s y s te m  s t r u c t u r e .
S k o l im o w s k i  d e p ic ts  w h a t  he  c a l ls  the " b r i t t le n e s s  o f  p h y s ic a l  
d e s c r ip t io n s " ,  p a r t i c u l a r l y  w h e n  a p p l ie d  to h u m a n  s i tu a t io n s  and  
p r e s e n t  w o r ld  v ie w s ,  in  the fo l lo w in g  passag e:
To  d e s c r ib e  the w o r ld  is not o n ly  to d e s c r ib e  i ts  
m o s t  a p p a r e n t  p h y s ic a l  f u r n i t u r e .  W e have  so r e f in e d  
the  la n g u a g e .o f  o u r  d e s c r ip t io n s  th a t  i t  h a n d le s  p h y s ic a l  
d e s c r ip t io n s  m a s t e r f u l l y  and s o m e t im e s  e v e n  s u p e rb ly .
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M a n 's  e x is te n c e  is s u s ta in e d  by  p h y s ic a l  k n o w le d g e ,  but  
not ex h a u s te d  by  i t -  W e  have  m a d e  a m is ta k e ,  s o m e t im e  
in  the  s e v e n te e n th  c e n tu r y ,  by  a s s u m in g  th a t  a l l  d e s c r i p ­
t io n s  can  be re d u c e d  to p h y s ic a l  d e s c r ip t io n s .  P h y s ic a l  
d e s c r ip t io n s  im p r e s s  us b ecau se  th e y  a r e  e a s y  to m a k e  
and e as y  to  te s t .  In  its  e x c e s s iv e  p re o c c u p a t io n  w i th  p h y ­
s ic a l  d e s c r ip t io n s ,  W e s t e r n  c iv i l i z a t io n  b e t r a y s  i ts  s h a l ­
lo w n e s s ,  its  in a b i l i t y  to p ro b e  the  d e e p e r  a s p e c ts  o f  m a n 's  
u s iv e r s e ,  its  sm ug s a t is fa c t io n  w i th  a p p e a ra n c e s .  W e  
a r e  a f a c i le  c iv i l i z a t io n ,  s p a rk l in g  on the s u r fa c e ,  s h a llo w  
in s id e .  I t  is im p e r a t i v e  to b r e a k  the sp u r io u s  d ic h o to m y  
b e tw e e n  the d e s c r ip t iv e  and the n o r m a t iv e ,  e s ta b l is h e d  by  
p ro p h e ts  o f  s h a llo w  e m p i r i c i s m ,  in  o r d e r  to b r in g  b a c k  to 
m a n  h is  due dep th , in  o r d e r  to b r in g  b ac k  to k n o w le d g e  the  
ig n o re d  a s p ec ts  o f  r e a l i t y ,  in  o r d e r  to b r in g  b a c k  to  d e s ­
c r ip t io n s  the w e a l th  and depth  of w h ic h  th e y  h a v e  been  
ro b b e d  as the r e s u l t  o f the m in d le s s  p u r s u i t  o f  e m p i r i c i s m  
and p o s i t iv is m  (S k o l im o w s k i ,  1 9 7 3 :1 0 3 -1 0 4 ) .
S k o l im o w s k i  t ie s  h is  a r g u m e n t  in  w i th  F o r r e s t e r ' s  s y s te m s  d y n a m ­
ic s  t h e o r y  in  the fo l lo w in g  w a y :
F r o m  F o r r e s t e r  to S k in n e r  a g r e a t  m a n y  e f fo r ts  to f ind  
e f fe c t iv e  so lu t io n s  to our g lo b a l  p r o b le m s  a r e  h o p e le s s ly  
bogged down in  t h e i r  in c e p t io n  b ecau se  of the l im i t a t io n s  o f  
p h y s ic a l  d e s c r ip t io n s  w h ic h  a r e  s t i l l  r e c o g n iz e d  as the c r i ­
t e r io n  o f  v a l id i t y  in  o u r  d e s c r ip t io n s  (S k o l im o w s k i ,  1 9 7 3 :1 0 5 ) .
In  h is  f in a l  s u m m a t io n ,  he says:
F o r r e s t e r  a p p e a rs  to be y e t  a n o th e r  te c h n o c r a t  ju g g l in g  
w ith  fo r m u la s  and  m e s m e r i z in g  us w ith  the d is p la y  o f  c o m ­
p u te rs  w h ic h ,  fo r  the p r e s e n t ,  can  do p re c io u s  l i t t l e  (S k o ­
l im o w s k i ,  1 9 7 3 :1 1 8 ) .
One w a y  to e x a m in e  S k o l im o w s k i 's  c r i t iq u e  o f  F o r r e s t e r ' s  
p h y s ic a l ly  d e s c r ip t iv e  m o d e ls  is  to c o n s tr u c t  a b r i e f  s u m m a r y  o f  an  
e p is t e m ic  p a r a d ig m  as a c o n c e p tu a l  to o l  in  o r d e r  to c o m p a re  one  
e p is te m o lo g y  to  a n o th e r .
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2. In v e s t ig a t io n  o f E p is t e m ic  S t r u c tu r e  as i t  R e la te s
to S o c ia l  S y s te m s
E p is t e m o lo g y  is the s tudy  o f  the o r ig in ,  s t r u c t u r e ,  m e th o d s ,  
and v a l id i t y  o f kn o w led g e  (R u n e s , 1 9 5 6 :9 4 ) .  Th e  s p e c if ic  q u e s tio n  
of focus fo r  th is  c h a p te r  is ,  how do the two opposing  w o r ld  v ie w s  o f  
g ro w th  and e q u i l ib r iu m  o rg a n iz e  th e i r  c o n t r a s t in g  e p is te m o lo g ie s  ? 
H o w  do these  o rg a n iz a t io n s  in f lu e n c e  t h e i r  th e o r ie s  abo ut s o c ia l  s y s ­
te m s ?  In  p a r t i c u l a r  how does each g ro u p  d is c r im in a t e  b e tw e e n  p h y ­
s ic a l  s t r u c tu r e  and  s o c ia l  s t r u c t u r e ?  U s in g  p r i m a r i l y  M a n n h e im 's  
(1953 ) a n a ly s is ,  the e le m e n ts  o f e p is te m ic  s t r u c t u r e  a r e  b r i e f l y  
s u m m a r iz e d .  (L a s z lo ,  1 9 6 6 :1 5 ) .
A .  P r e s u m p t io n  of O b je c t iv e  R e a l i t y
T h is  se t  o f  p r e s u m p t io n s  d e s c r ib e s  th a t  w h ic h  is  to be know n.
1. T h e  f i r s t  p r e s u m p t io n  o f kn o w led g e  is th a t  of in te l l ig ib le  
o r d e r  in  the f ie ld  o r  d o m a in  u n d e r  in v e s t ig a t io n .
2. A  c o r r e l a r y  is th a t  o f  o b je c t iv e  r e a l i t y ,  a " s o m e th in g  out  
t h e r e "  beyond the in v e s t ig a to r  h im s e l f ,  ah  unknow n t e r r i t o r y  to be 
m a p p e d . Such a t e r r i t o r y . i s  beyond the v o l i t io n  o f  the in v e s t ig a t o r .
B e r g e r  and L u c k m a n n  (1 9 6 6 :1 )  sum  up these  p re s u m p t io n s  
as fo l lo w s :
I t  w i l l  be enough , fo r  o u r  p u rp o s e s ,  to d e f in e  " r e a l i t y "  
as a q u a l i ty  a p p e r ta in in g  to p h e n o m en a  th a t  w e  re c o g n iz e  
as h a v in g  a be ing  in d ep e n d en t o f  o u r  own v o l i t io n .  (W e  
cannot " w is h  th e m  a w a y " ) ,  and to d e f in e  " k n o w le d g e "  as
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the c e r t a in ty  th a t  p h e n o m e n a  a r e  r e a l  and  th a t  th ey  possess  
s p e c if ic  c h a r a c t e r is t i c s ,
B . P r e s u m p t io n  of a S y s te m a t iz a t io n  o f  K n o w le d g e
T h is  se t o f p r e s u m p t io n s  d e s c r ib e s  the o r d e r in g  o f the k n o w ­
led g e  i t s e l f .  '
1. In  o r d e r  fo r  th e r e  to  be kn o w led g e  o f  an  unknow n t e r r i ­
t o r y ,  th e r e  m u s t  be s y m b o ls  o r  lan g u a g e  w h ic h  can  i n t e r p r e t  o r  
t r a n s la te  w h a t  s t r u c tu r e  th e r e  is  in  the unknow n t e r r i t o r y  in to  a 
s t r u c t u r e  o f kn o w le d g e .
2 . T h e re  m u s t  be som e p r e s u m p t io n  o f u n d e rs ta n d in g  o f  
those s y m b o ls  by  the in v e s t ig a to r  so th a t  the in v e s t ig a to r  a t  le a s t  
u n d e r  c e r t a in  c o n d it io n s  " k n o w s "  beyond  a doubt the m e a n in g  o f  
th ese  s y m b o ls .  T h is  w o u ld  in d ic a te  th a t  th e r e  is a lw a y s  som e e l e ­
m e n t  o f kn o w led g e  s t r u c tu r e  tha t  m u s t  be " ta k e n  fo r  g r a n t e d "  , 
using  S c h u tz 's  (1962 ) t e r m in o lo g y ,  b e fo re  the in v e s t ig a t io n  o f a n y  
unknow n t e r r i t o r y  in  o b je c t iv e  r e a l i t y  can  p r o c e e d ,
3. A n y  in v e s t ig a t io n  o f  an  unknow n t e r r i t o r y  m u s t  hav e  som e  
s p e c if ic  o r ig in  in t im e .  T h is  h i s t o r ic a l  po in t is  r a r e l y  kno w n  b y  a 
p r e s e n t  in v e s t ig a to r ,  but in v e s t ig a t io n s  th e m s e lv e s  a r e  o n -g o in g  
h i s t o r ic a l  events  ( M a n n h e im ,  1 95 3 :21 ) .
4. A n  in v e s t ig a t io n  m u s t  have  so m e o r ig in a t in g  q u e s tio n .  
M a n n h e im  (1 9 5 3 :2 3 )  uses  a concept o r ig in a l l y  in t ro d u c e d  by  R e ik e r t  
c a l le d  " h e t e r o t h e s is "  to d e s c r ib e  the beg inn ings  o f  a kn o w le d g e  s y s ­
t e m .  H e te r o t h e s is  m e a n s  th a t  kn o w led g e  beg ins  w i th  two concepts  
th a t  a r e  so m eh o w  ro o te d  in  eac h  o th e r .  Thus e p is te m o lo g y  i t s e l f  
is  the in v e s t ig a t io n  o f  the r e la t io n s h ip  b e tw e e n  su b je c t  and  o b je c t .  
L o g ic  is the in v e s t ig a t io n  o f  the r e la t io n s h ip  b e tw e e n  f o r m  and  c o n ­
te n t .  S oc ia l'  p s y c h o lo g y  is the in v e s t ig a t io n  of the r e la t io n s h ip  b e ­
tw e e n  in d iv id u a l  and s o c ie ty ,  and  so fo r th .  B o th  Schutz (1 9 6 2 :1 0 4 )  
an d  F a r b e r  (1 9 6 2 :1 4 3 )  note and use the t e r m  " o r ig in '*  o r  " g e n e s is "  
as e la b o r a te d  b y  H u s s e r l ,  to in d ic a te  the b eg inn ing  p la c e  o f  any  
in v e s t ig a t io n  as c e n te re d  a ro u n d  som e s ta r t in g  po in t o r  p a r t i c u la r  
p r o b l e m .
5. O nce som e o r ig in  o f  k n o w le d g e  is  e s ta b l is h e d ,  kn o w led g e  
is u s u a l ly  c o n s id e r e d  to be a c c u m u la t iv e ;  th a t  is ,  th e r e  is  a lw a y s  
m o r e  k n o w le d g e  about the t e r r i t o r y  a t  t im e  T  p lus 1, th a n  th e r e  w as  
a t t im e  T .  The q u e s tio n  o f a c c u m u la t io n  o f kn o w led g e  can  a lw a y s  
be doubted  u n d e r  c e r t a in  e p is to m o lo g ic a l  o r ie n ta t io n s ;  o r  w h e n  c o n ­
s id e r in g  a s p e c ia l  k n o w led g e  s y s te m ,  fo r  in s ta n c e ,  p a in t in g  o r  
c r e a t i v e  w r i t in g .  S t i l l  the q u e s tio n  of a c c u m u la t io n  o f  kn o w led g e  
w i l l  a lm o s t  a lw a y s  be r a is e d  in  a n y  e p is te m o lo g ic a l  p e r s p e c t iv e .  
( F r e e s e ,  197 2 :472 ;  W i l i e r  and  W i l i e r ,  1 9 7 2 :4 7 3 ) .
6. I f  kn o w led g e  has an  o r ig in  and  a p r e s u m p t io n  o f  g r o w th ,  
i t  m u s t  have  som e u l t im a t e  fo r m  o r  end o r  g o a l.  M a n n h e im  (1953 :  
26) s ta tes  th is  n o t io n  as fo l lo w s :
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A lth o u g h  " s y s t e m a t i z a t io n s ' ’ , as th e y  a r e  f o r m u la te d  
in  a c tu a l  fa c t ,  a lw a y s  c o n ta in  e r ro n e o u s  and te n ta t iv e  e l e ­
m e n ts  - -  n e v e r th e le s s ,  w e  have to ta k e  i t  fo r  g ra n te d  tha t  
an u l t i m a t e ,  t r u e  and c o m p le te  f o r m  o f  a n y  s y s t e m a t i z a ­
t io n  e x is ts  o b je c t iv e ly ,  in d e p e n d e n t ly  of o u r  own c o n t r i ­
bu tions  .
T h is  p re s u p p o s i t io n  a ls o  in d ic a te s  an in te g r a t io n  o f  s p e c if ic  q u e s ­
t ion s  in to  m o r e  g e n e r a l  o r  t h e o r e t ic a l  fo r m u la t io n s ,  so th a t  the to ta l  
kn o w led g e  s t r u c t u r e  evidences a p y r a m id a l  o r  h i e r a r c h a l  f o r m ,  s t a r t ­
ing w i th  the s p e c if ic  and c o n c re te  at the  base  and  end ing  w ith  m o r e  
a b s t r a c t  fo r m u la t io n s  a t  the p eak  ( Z e t t e r b u r g ,  1 96 5 :18 ;  H u s s e r l ,  
193 1:77; W i l i e r ,  1 9 6 7 :9 ) .
A n o th e r  w a y  o f  lo o k in g  a t  th is  u l t im a t e  f o r m  of kn o w led g e  is 
e x p re s s e d  by  W i ls o n  (1 9 7 3 :1 2 4 ) ,  w ho s ta tes  th a t  "LaJ p r e s u p p o s i ­
t io n  o f s y s te m s  p h i lo s o p h y  is th a t  the w o r ld  is  i n t e l l ig i b l y  o r d e r e d  
as a w h o le .  " H e  th e n  po in ts  out th a t  i f  th is  is  t r u e ,  th e r e  m u s t  be  
som e w a y  o f  o r d e r in g  kn o w led g e  s y s te m s  in to  a u n ity .
C . P r e s u m p t io n  of a K n o w e r  as S u b jec t
T h is  set o f  p re s u m p t io n s  d e s c r ib e s  the s u b je c t .
1. K n o w le d g e  s y s te m s  a r e  not o b jec ts  in  the r e a l  w o r ld .
T h e y  m u s t  lo c a te  th e m s e lv e s  s o m e w h e r e .  A  l i b r a r y  o r  d e p o s i to r y  
fo r  r e c o r d s  o r  a c o m p u te r  does not c o n s t i tu te  a lo c a t io n  of kn o w led g e  
un le s s  t h e r e  is  som e a d d it io n a l  in g r e d ie n t  o f  i n t e l l ig i b i l i t y .  T h is  
t h i r d  e le m e n t  o f  the t r i a d  o f e p is te m ic  s t r u c t u r e  has  i ts  focus in  
the m in d  of the s u b je c t .
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2. A s  a c o r r e l a r y  th is  locus co u ld  be c o n s id e r e d  a p s y c h o ­
lo g ic a l  space o r  a s o c ia l  space depending  on the p r o b le m  o f k n o w ­
ledge  a t  han d .
' 3. K n o w le d g e  s y s te m s  im p ly  a c o m m u n i ty  o f  e x p e r ie n c e r s  
and thus a s o c ia l  locus  o f s u b je c t .
4. S u b je c t - s h a r e d  kn o w led g e  cou ld  be c o n s id e r e d  as the
p r o p r i e t a r y  p r o p e r t y  o f so m e s p e c ia l  g ro u p  o r  cou ld  be c o n s id e re d
as u n iv e r s a l l y  d is t r ib u t e d ,  fo r  in s ta n c e ,  s c ie n t i f ic  kn o w led g e  o r
7
kn o w led g e  in  e v e r y d a y  l i f e .  I t  is  the e p is te m o lo g y  i t s e l f ,  the 
" r u le s  o f  the kn o w led g e  g a m e "  w h ic h  is so d is t r ib u t e d  in  each  case  
r a t h e r  than  the b i ts  of d a ta .
5. K n o w le d g e  s y s te m s  b as ed  on the p re s u p p o s i t io n  of u n i ­
v e r s a l i t y ,  p r o g r a m m a t ic a l l y  d e - s u b je c t i f y  k n o w le d g e ,  th a t  is ,  m a k e  
i t  a p p e a r  as i f  the  s u b je c t  is a red u n d an t  e le m e n t  in  the e p is te m ic  
s t r u c t u r e . ^
D . P r e s u m p t io n  of E x p e r ie n c e
1. T h e re  m u s t  be so m e  m e th o d  o f a c c u m u la t in g  kn o w led g e  
about an  unknow n r e g io n .  The e x p e r ie n c e s  m u s t  be a b le  to d e v e lo p  
a co n tac t  p o in t  w i t h  th a t  r e g io n ,  a g ra s p  th ro u g h  the senses so th a t  
the k n o w e r  can know the o b jec ts  in  the r e g io n .  T h is  r e q u i r e s  a 
d e f in i t io n  o f  w h a t  the t e r m s  " e x p e r ie n c e "  and  " p e r c e p t io n "  m e a n .
2 . A p a r t  f r o m  th is  p r o b le m ,  th e r e  m u s t  be an  e x p la n a t io n
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of a w a y  by w h ic h  the in v e s t ig a t o r  o r  k n o w e r  can  g e n e r a l i z e  f r o m  
the p a r t i c u la r .  In  o th e r  w o r d s ,  how does one t r a n s f e r  f r o m  c o n ­
c r e te  r e p r e s e n ta t io n s  in  h is  e x p e r ie n c e  to m o r e  g e n e r a l  s y m b o ls  in  
h is  kn o w led g e  s y s te m ?
E .  P r e s u m p t io n  of N o n -M e a n in g  F a c to r s
E p is te m o lo g ie s  m u s t  account fo r  w a y s  to d i s c r i m i n a t e  k n o w ­
led g e  f r o m  n o n -k n o w le d g e , such as d e s c r ip t io n s  o f how  fa ls e  k n o w ­
led g e  a r i s e s ,  as in  P la t o 's  p a r a b le  of the cave  o r  B a c o n 's  d is c u s ­
s io n  of id o ls .
I t  a ls o  m ig h t  c o n ta in  e x p la n a t io n s  o f  how k n o w le d g e  a r is e s  
f r o m  o r  is a f fe c te d  by  n o n -m e a n in g  fa c to r s .  Thus a n y  k n o w le d g e  
s y s te m  can  be in f lu e n c e d  by in d ep e n d en t v a r ia b le s  such as e n v i r o n ­
m e n t ,  g e o g ra p h y ,  c l im a t e  o r  M a r x 's  n o tio n  of the " m a t e r i a l  l i f e  
p r o c e s s "  ( M a r x ,  1 9 7 0 :4 7 ) .  A lo n g  the sam e l in e s ,  b e h a v io r is t  
t h e o r y  p ro p o ses  p h y s ic a l  s t im u l i  w h ic h  d i r e c t l y  e l i c i t  a b e h a v io r a l  
re s p o n s e .  Such a p a r a d ig m  deve lo ps  a d i r e c t  c a u s a l  l in k  b e tw e e n  
so m e p h y s ic a l  p h e n o m en o n  and a c t io n .  .A n o t h e r  e x a m p le  a long  these  
l in e s  is F r e u d 's  co n cep t o f  the l ib id o  as the c a u s a l  f a c t o r  o f  a c t io n  
in  a s p e c if ic  se t  o f  c i r c u m s t a n c e s .  G e n e t ic  p r o g r a m m in g  o r  i n ­
s t in c tu a l  a c t u a l i z a t io n  is a w a y  o f  d e s c r ib in g  n o n -m e a n in g  fa c to r s .  
A l l  such n o n -m e a n in g  fa c to r s  in  e f fe c t  s h o r t  c i r c u i t  k n o w le d g e  as  
a c o n d it io n  p re c e d e n t  fo r  s o c ia l  a c t io n .
160
3. T h e  E p is t e m ic  D ia g r a m
U s in g  th is  b r i e f  syn ops is  o f  the g e n e r a l  co n d it io n s  o f  k n o w ­
led g e  fo r  a n y  kn o w led g e  s y s te m  as r e la t e d  to a s o c ia l  s y s te m ,  and  
c o n s id e r in g  the m a j o r  e le m e n ts  of these  con d it io n s  as the s t r u c t u r a l  
e le m e n ts  of an a n a ly s is  o f  e p is te m o lo g y  F ig u r e  I X ,  The E p is t e m ic  
D i a g r a m ,  is a h e u r is t ic  d e v ic e  to e x p la in  how a p a r t i c u la r  e p is t e m o -  
lo g y  beh aves  as a to ta l  s t r u c t u r a l  s y s te m . The  e p is te m ic  d ia g r a m  
is  d e s ig n e d  s p e c i f ic a l ly  to d e s c r ib e  e p is te m o lo g ie s  o f  s c ie n t i f ic  
e p is te m ic  c o m m u n it ie s  w ho t h e o r i z e  On both p h y s ic a l  th e o r ie s  and  
s o c ia l . th e o r ie s  and in  a d d it io n  t r y  to in f lu e n c e  s o c ia l  p o l ic y ,  such
4
as the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p .  Th e  d ia g r a m  can  a ls o  be 
used  to t r a c e  the e p is te m o lo g ie s  o f  s c ie n t i f ic  e p is te m ic  c o m m u n i t ie s ,  
w h o  r e s o lu t e ly  r e m a i n  p u z z le  s o lv e r s ,  but who i m p l i c i t l y  w o r k  
in  c o a l i t io n  w i t h  a c t i o n - o r ie n t e d  g ro u p s  o f  r e a l i t y  c o n s t r u c ­
to rs  .
L o o k in g  a g a in  a t  F ig u r e  I X ,  The  E p is t e m ic  D i a g r a m ,  the  
k n o w le d g e  s y s te m  is d iv id e d  in to  two le v e ls ,  s c ien c e  in  e x p e r ie n c e  
r e f le c t in g  th a t  p o r t io n  o f the s y s te m  th a t  fo r m s  the l in k  b e tw e e n  
the kn o w le d g e  s y s te m  and o b s e r v a t io n  of ob jec ts  in  the r e a l  w o r ld .
In  th is  l e v e l  is  lo c a te d  the  p a r a d ig m  o f  the kn o w led g e  s y s te m s  (see  
T a b le  I I ,  page 50 ).  The  second  le v e l  o f  s c ie n t i f ic  kn o w le d g e  d e s ig ­
n a tes  the s y s te m  o f i n t e r r e l a t e d  p r o p o s it io n s ,  th a t  is ,  a b s t r a c t io n s
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of o b s e rv a t io n s  in to  f o r m a l  s ta te m e n ts  and m a t h e m a t ic a l  lan g u a g e .  
T h is  le v e l  c o in c id e s  w i th  K u h n 's  con cep t o f s y m b o lic  g e n e r a l i z a ­
t ion s  (see T a b le  I ,  page 45 ) .
C u l t u r a l  r e a l i t y  e x p re s s e s  the k n o w le d g e  s y s te m  of r e a l i t y  
c o n s tru c to rs *  e x p re s s in g  v a lu e s ,  m e ta p h y s ic a l  th e o r ie s  and  the l ik e .  
The to ta l  k n o w le d g e  s y s te m  c o n s t i tu te s  the e n t i r e  d is c ip l in a r y  
m a t r i x  o f  a p a r t i c u l a r  e p is te m ic  c o m m u n i ty  o r  c o a l i t io n  o f  ep is  - 
t e m ic  c o m m u n i t ie s ,  i f  th e r e  is a s o c ia l  d is t r ib u t io n  o f kn o w led g e  
b e tw e e n  the c o a l i t io n  g ro u p s .
In  c o n s tru c t in g  th is  d ia g r a m ,  one a d d it io n a l  p re s u p p o s it io n  
is r e q u i r e d ,  the o r ig in  o f w h ic h  r e f le c ts  the p e r s p e c t iv e  o f the s o c io ­
lo g y  o f k n o w le d g e  m o r e  th an  any  p r e s u p p o s i t io n  in v o lv in g  e p is to m o -  
lo g y  i t s e l f .  T h e r e  a r e  e s s e n t ia l ly  tw o d i f f e r e n t  o r ie n ta t io n s  o f the  
a c to r  to w a rd s  the o b je c t ,  n o r m a t iv e  and  p h y s ic a l .
N o r m a t i v e  o r ie n ta t io n  a r is e s  w h e n  the  su b je c t  as a c to r  is  
in te r a c t in g  in  and im p o s in g  h is  w i l l  upon the  o b je c t iv e  t e r r i t o r y  in  
w h ic h  he a c ts .  I t  is the o r ie n ta t io n  of a n y  o r g a n is m  to w a rd s  its  e n ­
v i r o n m e n t .  Th o u g h t i t s e l f  is s u b o rd in a te  to the g o a l o f  the a c t o r .
In  th is  s e n s e ,  th e n ,  the  s u b je c t  is a " r e a l i t y  c o n s t r u c to r " .  B e r g e r  
and L u c k m a n  (1966 ) d is c u s s  how s o c ia l  s t r u c tu r e  is c r e a te d  by a c to r s  
and o b je c t i f ie d  in to  a " r e a l  w o r ld "  s e t t in g .  O b je c t i f ic a t io n  t r a n s ­
fo r m s  s o c ia l  a c t io n  in to  c o n c re te  p h y s ic a l  o b jec ts  o r  a r t i f a c t s ,  o r  a t  
a d e e p e r  l e v e l  o f  a n a ly s is  c r e a te s  s t r u c t u r e  in  the " r e a l  w o r ld .  " A
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s o c ia l  s t r u c tu r e  r a t h e r  th an  a p h y s ic a l  s t r u c t u r e  in  the sense o f
9
p h y s ic a l  la w s  e m e r g e s .
F o r  e x a m p le ,  a p e rs o n  s tand ing  at a b u s y  in te r s e c t io n ,  p r o b ­
a b ly  w i l l  be r e s t r a in e d  f r o m  c ro s s in g  the s t r e e t  a g a in s t  a r e d  l ig h t .  
W h e th e r  h is  a t t i tu d e  r e f le c ts  a s o c ia l  r e s t r i c t i o n ,  th a t  th e  l ig h t  is  
r e d ,  o r  a p h y s ic a l  r e s t r a i n t ,  tha t th e r e  is h e a v y  t r a f f i c  w h ic h  co u ld  
s u b je c t  h im  to b o d i ly  h a r m ,  is d i f f ic u l t  to d e t e r m in e .  In  a n y  case  
so m e  c o m b in a t io n  o f both p h y s ic a l  and n o r m a t iv e  r e s t r a i t s  p re v e n ts  
h im  f r o m  c ro s s in g  the  s t r e e t .
P h y s ic a l  o r ie n t a t io n  a r is e s  w h e n  the o b s e r v e r  ta k e s  a p a s -
)
s iv e  o r  n o n -m a n ip u la t iv e  p e r s p e c t iv e  o f the o b je c t iv e  t e r r i t q r y  u n d e r  
in v e s t ig a t io n .  The  o b s e r v e r 's  m o t iv a t io n  is one o f  kn o w led g e  s e e k ­
in g .  H e  is t h e r e f o r e  a " p u z z le  s o lv e r "  (K uhn , 197 0 :35 )  r a t h e r  than  
a " r e a l i t y  c o n s t r u c to r " .  K u h n  a s s e r ts  the d ic h o to m y  o f  p u z z le  s o lv ­
ing v e rs u s  r e a l i t y  c o n s tru c t in g  not o n ly  d is t in g u is h e s  the s c ie n t is t  
f r o m  the s o c ia l  a c t o r .  I t  a ls o  d is t in g u is h e s  the " n o r m a l  s c ie n t is t ,  " 
one p r a c t ic in g  w i t h in  the co n fin es  o f  an e s ta b l is h e d  p a r a d ig m ,  f r o m  
a " r a d ic a l  s c ie n t is t ,  " one s ee k in g  new p a r a d ig m s  bec au se  o f  a n o m a ­
l ie s  u n c o v e re d  in  the e s ta b l is h e d  p a r a d ig m .
T h r e e  p e r s p e c t iv e s  a r e  open to the s o c ia l  s c ie n t is t  w ho w is h e s  
to r e m a i n  n o n -m a n ip u la t iv e  in  h is  t e r r i t o r y  o f  o b s e r v a t io n .  T hese  
a r e  the p h y s ic a l  p e r s p e c t iv e  o f  the o b je c t ,  n o r m a t iv e  p e r s p e c t iv e  o f  
the a c t in g  su b je c t  an d  n o r m a t iv e  p e r s p e c t iv e  o f  the r e f le x iv e  s u b je c t ,
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as show n in  F ig u r e  I X .
The n e x t  q u e s t io n  is u n d e r  w h a t  co n d it io n s  a r e  p h y s ic a l  
s t r u c tu r e  d e t e r m in is t i c ,  tha t is ,  in  a c lo s e d  s y s te m  s ta te .  B e r -  
ta la n f f y  (19 6 8 :4 0 )  d e f in e s  a c lo s e d  s y s te m  as fo l lo w s :
In  a n y  c lo s e d  s y s te m ,  the f in a l  s ta te  is u n e q u iv o c a b ly  
d e t e r m in e d  b y  the i n i t i a l  c o n d it io n :  e . g . ,  the  m o t io n  in
a p la n e t a r y  s y s te m  w h e r e  the p o s it io n s  o f the p la n e ts  a t  
a t im e  T  a r e  u n e q u iv o c a l ly  d e te r m in e d  by  t h e i r  p o s it io n s  
a t  t im e  T - O .
C o n v e n t io n a l  m a c r o p h y s ic s  has h i s t o r i c a l l y  m o d e l le d  p h y s ic a l  
s y s te m s  as c lo s e d  s y s te m s .  S to c h a s t ic  m o d e ls  o f  m a c r o - p h y ­
s ic a l  s y s te m s  in tro d u c e  an e le m e n t  of chance o r  ra n d o m n e s s  to  
the s y s te m .  S t i l l  ev e n  th is  ra n d o m n e s s  does not change »the 
f in a l  end s ta te  o f  the s y s te m s  as in  the c as e  o f  the end e n t ro p ic  
s ta te  o f  a p h y s ic a l  s y s te m  ( B e r t a la n f f y , 1 96 7 :40 ;  an d  W i ls o n ,  
1 9 7 3 :1 2 7 ) .
N o r m a t iv e  s y s te m s  a r e  e s s e n t ia l ly  c o n s id e r e d  to be open  
s y s te m s .  P e rh a p s  the b e s t  w a y  to e x p re s s  th is  " o p e n n e s s ” is  to 
s ay  th a t  the fu tu re  o f  in t e r e s t  is s h o r t  ran g e  and  in d e t e r m in a n t .  The  
fu tu re  s ta te  o f  an  open s y s te m ,  be ing  goa l o r ie n te d ,  is f in a l is t ic  - -  
fu tu re  in f lu e n c in g  the p r e s e n t  (W i ls o n ,  1 9 7 3 :1 2 7 ) .  A n  open s y s te m  
is  a lw a y s  see k in g  c lo s u r e .  T h a t  is ,  i t  is  t r y in g  to  o p t im iz e  the c e r ­
ta in ty  o f  its  fu tu re  r a t h e r  th a n  its  ra n d o m n e s s .  In  e f fe c t  an open  
s y s te m  seeks s e c u r i t y  as opposed to n o v e lty .  T h is  s e c u r i t y  s e e k ­
ing is a n e c e s s a r y  c o n d it io n  o f  the s y s te m  b e in g  g o a l  o r ie n te d .
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T u rn in g  to e m p i r i c a l  cases  o f  open s y s te m s  w h ic h  c o n ta in  
th e s e  p r o p e r t ie s ,  B e r t a la n f f y  (1 9 6 8 :3 9 )  notes th a t  e v e r y  l iv in g  o r ­
g a n is m  is an  open s y s te m .  B e r g e r  and L u c k m a n  (1 9 6 6 :5 1 )  r e f e r  
to the s o c ia l  n a tu re  o f  s y s te m s  as fo l lo w s :
One m a y  say th a t  the b io lo g ic a l ly  in t r in s ic  W o r ld - o p e n ­
ness o f  h u m a n  e x is te n c e  is a lw a y s ,  and in d e e d  m u s t  be,  
t r a n s f o r m e d  by  s o c ia l  o r d e r  in to  a r e la t i v e  w o r l d ­
c lo s e d n e s s  .
Thus F o r r e s t e r ' s  (196 -8 :1 -5 )  e x p l ic i t  p r e s u p p o s i t io n  of s o c ­
i a l  s y s te m s  as c lo s e n  systems is not an  a t te m p t  to m i r r o r  p h y s ic a l  
s t r u c t u r e .  H e  e x p re s s e s  the n a tu re  of s o c ia l  s y s te m s  as n o r m a ­
t iv e  s y s te m s  as long as he t r e a t s  the  c losed n ess  o f  s o c ia l  s y s te m s  
as an  a t te m p t  of an i n t r i n s i c a l l y  open  s y s te m  to a c h ie v e  c lo s u r e  
r a t h e r  th a n  a fa i t  a c c o m p l i . The  F o r r e s t e r - M e a d o w s  m o d e ls  a r e  
c lo s e d  s y s te m  m o d e ls  o f  n o r m a t iv e  s y s te m s  p la c e d  in  the c o n d i ­
t io n a l  m ode o f lo g ic a l  e x p re s s io n .  T h e y  a n s w e r  the q u e s t io n ,  " I f  
the w o r ld  v iew s  o f  s o c ie ty  m a n i fe s t  th e m s e lv e s  in  the a c h ie v e m e n t  
of the e x p re s s  goa ls  o f  th a t  s o c ie ty  w h a t  w i l l  be the o b je c t i f ic a t io n  
o f th a t  s o c ia l  o r d e r ? "
4. P h y s ic a l is m
A .  P h y s ic a l is m  and P h y s ic a l  S t r u c tu r e
The f i r s t  e p is te m o lo g y ,  w h ic h  is a n a ly z e d  in  t e r m s  o f the  
E p is t e m ic  D ia g r a m  is P h y s i c a l is m .  Such an  e p is te m o lo g y  a s s e r ts
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th a t  th e r e  is o n ly  one r e a l  w o r ld ,  th a t  is  the s p a t i a l - t e m p o r a l  w o r ld ,  
the p h y s ic a l  w o r ld .  A l l  k n o w le d g e ,  th a t  is  a l l  s t r u c t u r e  o f k n o w ­
ledge s y s te m s ,  m u s t  f in d  its  ro o t  o r  base  in  th is  s p a t ia l - t e m p o r a l  
w o r ld .
T h e r e  a r e  th r e e  c o r o l l a r y  d o c tr in e s  a s s o c ia te d  w i th  p h y s i ­
c a l is m ,  the f i r s t  be ing  the d o c tr in e  of p r i m i t i v e  p r o to c o l  s e n te n c e s ,  
the second be ing  th a t  o f  e m p i r i c a l  v a l id a t io n ,  and  the t h i r d  tha t of 
the u n ity  o f the s c ie n c e s .  (1) The d o c tr in e  o f  p r i m i t i v e  p ro to c o l  
sen ten ces  s ta tes  th a t  the o b s e r v e r  is cap ab le  o f o b je c t iv e  o r  u n i v e r ­
s a l ly  s h a re d  p e r c e p t io n  o f  r a w  data  in  the s p a t i a l - t e m p o r a l  w o r ld .  
T h a t  is ,  a p e r s o n  p r o p e r l y  t r a in e d  as an o b je c t iv e  o b s e r v e r * w i l l  
see the s a m e  th in g  as any  o th e r  p e rs o n  so t r a in e d .  (Z) A l l  s c ie n ­
t i f ic  kno w ledge  be ing  v a l id a te d  by e x p e r ie n c e  g a in e d  th ro u g h  p e r ­
cep tio n  of the s p a t i a l - t e m p o r a l  w o r ld  in d ic a te s  th a t  o n ly  kno w ledge  
so v a l id a te d  can  r e c e iv e  the  im p r in t a s  o f " s c ie n c e "  and b e c o m e  
r e a l  kn o w led g e  as c o n t r a s te d  to m e ta p h y s ic s ,  c o n je c tu r e ,  s p e c u la ­
t io n ,  in tu it io n  and the  l ik e .  (3) N e u r a th  (1 9 5 9 :2 8 4 )  sets out the  
d o c tr in e  of the u n i ty  o f the s c ie n c e s :
. . . a l l  typ es  o f  la w s  m u s t  u n d e r  g iv e n  c o n d it io n s ,  be 
cap ab le  o f b e in g  co n n e c te d  w i th  one a n o th e r .  A l l  la w s ,  
w h e th e r  c h e m ic a l ,  c l im a t o lo g ic a l  o r  s o c io lo g ic a l ,  m u s t  
t h e r e f o r e  be c o n c e iv e d  as co n s titu en ts  o f a s y s te m ,  v iz .  , 
of u n i f ie d  s c ie n c e .
C a rn a p  ( 1 9 5 9 :1 6 5 -1 9 8 )  g ives a c la s s ic  e la b o r a t io n  o f the  
e p is te m o lo g y  o f  p h y s ic a l is m .  C a rn a p 's  a n a ly s is  is b a s e d  on a
d is c u s s io n  of lan g u a g e  s y s te m s  as kno w ledge  s y s te m s .  C a r n a p  
(1 9 5 9 :1 6 6 )  a s s e r ts  th a t  " p h y s ic a l  language  is u n iv e r s a l  and  i n t e r -  
s u b je c t iv e .  " L an g u ag e  s y s te m s  th a t  say  a n y th in g  m e a n in g fu l  about  
the s p a t ia l - t e m p o r a l  w o r ld  can  u l t im a t e ly  be t ie d  in to  the  u n i v e r ­
s a l  p h y s ic a l  la n g u a g e  o r  a to ta l  s t r u c tu r e  o f kn o w led g e  b as ed  on 
the u n i v e r s i a l i t y  of o b je c t iv e  s t r u c tu r e  in  the s p a t i a l - t e m p o r a l  
w o r ld .  C a rn a p  c o n tr a s ts  the tw o b as ic  m o d es  o f  speech . The  
m a t e r i a l  m ode  o f speech t r e a ts  ob jec ts  as im m e d ia t e ly  " g iv e n " ,
i . e .  , ob jec ts  in  the p re s e n c e  of co n sc io u sn e ss  and  e x p e r ie n c e .
The second o r  f o r m a l  m o d e  of speech  c o n s id e rs  o b je c ts  as p a r t  of  
a language  s y s te m .  The  m e a n in g  o f lan g u a g e  ob jec ts  is  c o n f i r m e d  
by s p e c ify in g  its  r e la t io n  to o th e r  language o b je c ts .
F o r  e x a m p le ,  i f  one is in  the m a t e r i a l  m o d e  o f  speech  and  
s ta te s ,  " T h is  is a c a t ,  " he is im p ly in g  th a t  th e r e  is an  o b je c t  w h ic h  
he e x p e r ie n c e s  to be a ca t  im m e d ia t e ly  b e fo re  h is  s e n s e s .  H o w ­
e v e r ,  i f  th is  s a m e  p e rs o n  s ta te s ,  " T h is  is  a ca t ,  " in  the f o r m a l  
m o d e ,  he is a s s e r t in g  u n e q u iv o c a b ly  th a t  the s y m b o l  " th is "  is  equa l  
in  e v e r y  w a y  to the  s y m b o l  " c a t" .
W h a t  C a rn a p  c a l ls  " p r im i t i v e  p ro to c o l  s e n te n c e s "  a r e  s e n ­
te n c e s  in  the m a t e r i a l  m o d e  o f speech about o b je c ts  im m e d ia t e ly  
g iv e n .  The s y s te m  lan g u a g e  of a sc ien ce  (the s t r u c t u r e  o f know  - 
led g e ) is  c o n s tru c te d  in  the f o r m a l  m ode of sp e ech . A s  C a rn a p  
s ta te s ,  " T o  e v e r y  sen ten ce  o f the s y s te m  language  th e r e  c o rre s p o n d s
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so m e sen ten ce  o f the p h y s ic a l  la n g u a g e , such th a t  the tw o  sen ten ces  
a r e  i n t e r - t r a n s l a t a b l e . " (C a r n a p ,  1 9 5 9 :1 5 6 ) .
Suppose, fo r  e x a m p le ,  th a t  to  d e m o n s tra te  m o r e  e x p l i c i t l y  
the d o c tr in e s  o f p r i m i t i v e  p r o to c o l  sen ten ces  and e m p i r i c a l  v a l i d a ­
t io n ,  te n  peop le  w i th  no c o m m o n  language w h a ts o e v e r  a r e  i n t r o ­
duced to a r o o m  of o b je c ts .  S uppose , f u r t h e r ,  th a t  one of the  
m e m b e r s  o f  th is  c o m m u n i ty  u t te r s  a w o r d  and r e p e a ts  th a t  w o r d  
w h i le  p o in t in g  to o th e r  ob jec ts  in  the ro o m .  Th e  m e m b e r s  o f  th is  
c o m m u n ity ,  a s s u m in g  r e a s o n a b le  in te l l ig e n c e ,  m ig h t  th en  be ab le  
to  u n d e rs ta n d  t h e i r  f i r s t  u n it  in  the s t r u c tu r e  of k n o w le d g e ,  th a t  is ,  
th e r e  is  one w o r d  th a t  r e p r e s e n ts  one s p e c if ic  o b je c t  in  the r o o m .  
A l l  o b jec ts  then  in  the r o o m  co u ld  be e n u m e ra te d  as p h y s ic a l  b e - 
cau se  th e y  a r e  th e r e  as opposed to  not t h e r e .  In  the n e x t  s tep  in  
the p r o c e d u r e ,  the le a d e r  th e n  b y  o th e r  g e s tu re s  m a n a g e s  to  co n vey  
the id e a  o f  s iz e  o f the  o b je c ts ,  p e rh a p s  by c a r r y in g  som e s ta n d a rd  
of s iz e  in  h is  hand  and a r r a n g in g  a few ob jec ts  on one s id e  o f  i t  as 
l a r g e r  and a few on the o th e r  s ide  o f i t  as s m a l le r .  Suppose th a t  
th is  s ta n d a rd  w h ic h  he c a r r i e s  is a b re a d b o x .  C u m u la t iv e  k n o w ­
led g e  o f  the g ro u p  a d v an ces  and  a l l  ob jec ts  a r e  c la s s i f ie d  as b ig g e r  
th a n  a b re a d b o x  o r  s m a l l e r  than  a b re a d b o x .  In  th is  c a s e ,  the s t a n ­
d a r d  o f  d e f in i t io n  im p o s e d  by  the le a d e r  o f the g ro u p ,  i . e . ,  the  s iz e  
of the b re a d b o x ,  is a n o r m a t iv e  s ta n d a rd .  I t  is  a s ta n d a rd  w h ic h
can  be o p e r a t io n a l iz e d  - -  e x p re s s e d  in  p h y s ic a l  t e r m s  - -  so th a t  a
#
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s ta te m e n t  about s iz e  as b e in g  b ig g e r  o r  s m a l le r  th a n  a b re a d b o x  
c an  be v e r i f i e d  th ro u g h  e m p i r i c a l  v a l id a t io n  , o r  an  o b je c t  s u b s e ­
q u e n t ly  be ing  e n c o u n te re d  by  a m e m b e r  o f the g ro u p  can  be p e r ­
c e iv e d  as la r g e  o r  s m a l l  in  r e f e r e n c e  to the s ta n d a rd .  Th e  po in t  
. C a r n a p  is m a k in g  is not th a t  k n o w led g e  is c r e a te d  out of p h y s ic a l  
s t r u c t u r e  but r a t h e r  th a t  k n o w le d g e ,  once h a v in g  b ee n  e s ta b l is h e d  
by  so m e  ac t  o f c r e a t io n ,  can  a s s u m e  a r e l i a b i l i t y  and v a l id i t y ,  and  
the g ro u p  can  fe e l  co n fid en c e  in  e x p e r ie n c e  as a te s t  o f w h a t  is  in  
the p h y s ic a l  w o r ld  in  r e la t io n  to t h e i r  s h a re d  p a r a d ig m s .
The p h y s ic a l is t  r e q u i r e m e n t  th a t  s c ie n c e  be b as ed  on ra w  
e x p e r ie n c e  is now changed  to th a t  o f  a s c ie n c e  b as ed  on p a r a d ig m  
p r e c o n d i t io n e d  e x p e r ie n c e .  A y e r ,  in  r e v ie w in g  the w o r k  o f C a r n a p  
and o th e r  p h y s ic a l i s t s , co n c lu d es  th a t  in  the end p r i m i t i v e  p r o to c o l  
s ta te m e n ts  b e c a m e ,  not r e p l ic a s  o f  o b je c t  r e a l i t y ,  but a " v e r i f i c a ­
t io n  p r in c ip a l  as a co n v e n t io n . " H e  n o tes  tha t:
T h e y  w e r e  p ro p o u n d in g  a d e f in i t io n  of m e a n in g  w h ic h  
a c c o r d e d  w i th  c o m m o n  usage in  the sense th a t  i t  se t  out 
the co n d it io n s  that- a r e  in  fa c t  s a t is f ie d  by s ta te m e n ts  th a t  
a r e  r e g a r d e d  as e m p i r i c a l l y  i n f o r m a t iv e .  ( A y e r ,  1 9 5 9 :1 5 ) .
K u h n  c o m m e n ts  a long  s i m i l a r  l in e s  as fo l lo w s :
But is  s e n s o ry  e x p e r ie n c e  f ix e d  and  n e u t r a l?  A r e  
t h e o r ie s  s im p ly  m a n - m a d e  in te r p r e ta t io n s  of g iv e n  d a ta ?
The e p is te m o lo g ic a l  v ie w p o in t  th a t  has m o s t  o ften  gu ided  
W e s t e r n  p h i lo s o p h y  fo r  th r e e  c e n tu r ie s  d ic ta te s  an  i m ­
m e d ia te  a n d -u n e q u iv o c a l ,  Y e s  ! In  the ab s en ce  o f  a d e v e l ­
oped a l t e r n a t i v e ,  I  f in d  i t  im p o s s ib le  to r e l in q u is h  e n t i r e ly  
th a t  v ie w p o in t .  Y e t  i t  no lo n g e r  fu n c t io n s  e f fe c t iv e ly ,  and  
the  a t te m p ts  to m a k e  it  do so th ro u g h  the in t r o d u c t io n  of
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a n e u t r a l  language  q£ o b s e rv a t io n s  now s e e m  to m e  h o p e ­
le s s .
The o p e ra t io n s  and m e a s u r e m e n ts  th a t  a s c ie n t is t  u n ­
d e r ta k e s  in  the la b o r a t o r y  a r e  not Mthe  g iv e n "  o f e x p e r i ­
ence but r a t h e r  "the c o l le c te d  w i th  d i f f i c u l t y .  " (K uhn ,
1 9 7 0 :1 2 6 ) .
K u h n 'h im s e l f  is w a r y  of the u n iv e r s a l  v a l id i t y  o f ra w  s e n s o ry  
e x p e r ie n c e ,  but not to the po in t of r e je c t in g  c o m p le t e ly  a s c i e n t i ­
f i c a l l y  b as ed  e x p e r ie n c e  l in k  b e tw e e n  k n o w le d g e  s y s te m s  and  o b ­
je c t iv e  r e a l i t y .  (C f .  B r u n e r  e t a l . . ,  195 6 ).
5. P h y s ic a l is m  and S o c ia l  S t r u c tu r e
N o w  le t  us r e t u r n  to the a r e a  o f the s o c ia l  s c ie n t is t  and*
p a r a l l e l in g  o u r  c o u rs e  o f in v e s t ig a t io n  in to  the p h y s ic a l  s c ie n c e s ,  
le t  us c o n s tru c t  a p a r a b le  o f  the o r ig in  o f the s o c ia l  s c ie n c e s .  A g a in  
im a g in e  a g ro u p  o f  p r a c t i t io n e r s  o f  s c ie n c e  a s s e m b le d  in  a ro o m  
p o p u la te d  w i th  s o c ia l  o b je c ts  - -  le t  us s a y ,  a t r i b a l  g ro u p . T h e se  
p r a c t i t io n e r s  m u s t  c r e a te  a kn o w led g e  s y s te m  b a s e d  on t h e i r  o b ­
s e r v a t io n s  o f  o b je c t iv e  r e a l i t y .  T h e i r  f i r s t  t a s k  w o u ld  be to d e v e lo p  
a m e a s u r e  of f i r s t  o r d e r in g  of t h e i r  p h e n o m e n a  u n d e r  in v e s t ig a t io n .  
H e r e  a g a in  the p ro c e s s  o f  o rg a n iz in g  c a n 't  s t a r t  u n le s s  the b e g in ­
n ing p r a c t i t io n e r s  h a v e  so m e idea  of w h a t  th e y  a r e  look ing  f o r .  A s ­
sum e th a t  th e y  s tu m b le  onto a r u d im e n t a r y  n o t io n  o f s o c ia l  c la s s  as 
the f i r s t  o r d e r in g  p a r a m e t e r .  In  th is  case  the le a d e r  o f  the i n v e s t i ­
g a to rs  co u ld  not s t a r t  the  p ro c e s s  by s im p le  f i r s t  o r d e r  m e a s u r e ­
m e n t .  H e  w o u ld  h a v e  to d e t e r m in e  w h a t  the n a t iv e s  thought about  
c la s s .  P e rh a p s  he co u ld  a s k  th e m . P e r h a p s  f u r t h e r  o b s e r v a t io n  
and c o m p a r is o n  o f  s tu d ies  ta k e n  in d e p e n d e n t ly  w o u ld  le a d  the p r a c ­
t i t io n e r  m e m b e r s  to a g r e e  th a t  the n u m b e r  beads a ro u n d  each  
n a t iv e 's  n e c k  is a m e a s u r e  o f c la s s  r a n k ,  as d e t e r m in e d  by the  
n a t iv e  m e m b e r s  t h e m s e lv e s .  In  th is  c a s e ,  the  p r a c t i t i o n e r  m e m ­
b e r s  a r e  d e a lin g  w i th  o b s e rv a b le s  th a t  a r e  o b je c t i f ic a t io n s  c r e a te d  
by  the n a t iv e  m e m b e r s .  The c la s s i f i c a t o r y  e x p e r ie n c e s  o f  the  
p r a c t i t io n e r s  of s c ie n c e  w o u ld  be v a l id  o n ly  fo r  the p a r t i c u la r  c u l ­
t u r a l  p o p u la t io n  u n d e r  s tudy , and  o n ly  fo r  the h i s t o r i c a l  t im e  f r a m e  
in  w h ic h  the n a t iv e s  a g r e e d  a m o n g s t  th e m s e lv e s  e i th e r  i m p l i c i t l y  
o r  e x p l i c i t l y  to r e c o g n iz e  c la s s  d i f fe r e n c e s  in  t e r m s  o f n u m b e rs  of  
b ea d s . B u t w h a t  is in te r e s t in g  fo r  the s o c ia l  s c ie n c e  p r a c t i t io n e r  
is the s a m e  th in g  th a t  is  in te r e s t in g  fo r  the p h y s ic a l  s c ie n c e  p r a c ­
t i t io n e r ,  and th a t  is  to  d e v e lo p  m o r e  c o m p le x  r e la t io n s h ip s  b e tw een  
s o c ia l  o b je c ts  in  the o b s e r v a t io n a l  f ie ld  o f  the p r a c t i t i o n e r .
S o c ia l  s c ie n t is t  p r a c t i t io n e r s  h a v e  a p r o b le m  in  t r y in g  to  
in i t ia te  t h e i r  s tu d ies  o f  s o c ia l  p h e n o m en a  th a t  p h y s ic a l  s c ie n t is ts  
d o n ’t h a v e .  T h e y  can not s im p ly  d ec id e  a m o n g s t  th e m s e lv e s  upon  
t h e i r  f i r s t  o r d e r in g  m e a s u r e ,  such as the b re a d b a s k e t .  T h e y  m u s t  
in s te a d  f i r s t  b r e a k  the code of c u l t u r a l  m e a n in g .  Such a s t r a te g y  
in te r p r e ts  one lan g u a g e  in to  a n o th e r .
The d i f f i c u l t y  w i th  the e p is te m o lo g y  o f  p h y s ic a l is m  w h e n
a p p lie d  to s o c ia l  s t r u c t u r e ,  l ie s  not in  its  p h y s ic a l  d e s c r ip t io n s  of  
s o c ia l  o b je c ts ,  th a t  is ,  not on its  in s is ta n c e  on o b s e r v a t io n  of events  
in  o b je c t iv e  r e a l i t y .  The  b a s ic  p r o b le m  l ie s  a t  the  p e r i p h e r y  o f  
s o c ia l  sc ien c e  in v e s t ig a t io n s .  I t  is  the p r o b le m  of how  p h y s ic a l is t  
o r ie n te d  sc ie n c e  p r a c t i t io n e r s  r e la te  to l a r g e r  s o c ia l  w o r ld s  in  w h ic h  
th e y  p r a c t ic e .  The p r o g r a m m a t ic  d e v e lo p m e n t  o f the s o c ia l  s c ien c es  
p a r t i c u la r l y  n o r m a l  s o c io lo g y ,  n o r m a l  e c o n o m ic s ,  and  n o r m a l  p o l i t ­
i c a l  sc ie n c e  is b as ed  on the p h y s ic a l is t  p r e m is e  th a t  r e a l  kn o w led g e  
as c o n tra s te d  to m e ta p h y s ic s  can  o n ly  be v a l id a te d  by  e x p e r ie n c e  
g a in e d  th ro u g h  p e r c e p t io n  of the s p a t i a l - t e m p o r a l  w o r ld .  The p h y ­
s ic a l is t  sc ie n c e  p r a c t i t i o n e r  has p r o g r a m m a t ic a l l y  a v o id e d  t r e a t in g  
c o n te m p o r a r y  c u l t u r a l  r e a l i t y  as an y th in g  but a g iv e n .  T h is  a s s u m p ­
t io n  of c u l t u r a l  r e a l i t y  i n v a r ia b ly  a l lo w s  the p h y s ic a l is t  p r a c t i t io n e r  
to t r e a t  m a c r o - s o c ia l  s t r u c t u r e  in  the sam e d e t e r m in is t i c  w a y  as the  
p h y s ic is t  t r e a ts  m a c r o - p h y s i c s . G a r f in k e l  ( 1 9 6 7 :7 -8 )  r e f e r s  to th is  
p r e m is e  as the ' 'a s s u m p t io n  of r e f l e x i v i t y "  - -  m e m b e r s  o f the g ro u p  
a s s u m e  that each  one " k n o w s "  a t  the  ou tse t  w h a t  i t  ta k e s  to p ro v id e
n • • 11a r e le v a n t  acc o u n t o f the s i tu a t io n  u n d e r  in v e s t ig a t io n .
S y s te m s  d y n a m ic s  th e o r y  does focus on the p h y s ic a l  d e s c r ip ­
t io n  o f  the o b je c t i f ic a t io n s  o f s o c ia l ly  c r e a te d  s o c ia l  s t r u c t u r e .  The  
t h e o r y  h o w e v e r  is  d e s ig n e d  to u n c o v e r  the i r r a t i o n a l i t y  o r  d y s fu n c ­
t io n  of s y s te m s  b e h a v io r ,  w h ic h  can  then  s e r v e  as a b a s is  fo r  a 
c r i t iq u e  of c o n te m p o r a r y  c u l t u r a l  r e a l i t y  i t s e l f .  The  t h e o r y  does
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no t p ro v id e  a n y  s p e c ia l  w a y  fo r  the s y s te m  m o d e lm a k e r  to p ro p o se  
a s u p e r io r  s o lu t io n  to s o c ia l  s y s te m  r a t io n a l i t y  ex c e p t  fo r  h is  own  
in tu i t iv e  ju d g m e n t  o r ,  p e rh a p s  m o r e  s ig n i f ic a n t ly ,  the  p a r t i c u la r  
va lu e  o r ie n ta t io n s  o f the s y s te m s  d y n a m ic s  g ro u p .  S y s te m s  d y n a m ­
ic s  th e o r y  is" d ia g n o s is - o r ie n t e d  r a t h e r  th a n  t r e a t m e n t - o r ie n t e d ,  
but p o l ic y  a n a ly s is  can a l lo w  fo r  fu n d a m e n ta l  s o c ia l  change .
The L / im its  to G ro w th  th e s is  does in  fa c t  a r g u e  fo r  fu n d a ­
m e n ta l  s o c ia l  change
6. A n  E p is t e m ic  A n a ly s is  o f the P h y s ic a l is t  
C r i t iq u e  o f  L i m i t s  to G ro w th
«
M a n y  c r i t i c s  o f  L i m i t s  to G r o w t h , p a r t i c u l a r l y  those o f the  
l a r g e r  s c ie n t i f ic  c o m m u n i ty ,  base  th e i r  c r i t iq u e s  l a r g e l y  on u n d e r ­
ly in g  p h y s ic a l is t  b ia s e s .  T h e s e  c r i t iq u e s  ta k e n  as a w h o le  r e v e a l  
a p r e s u p p o s i t io n a l  p a t t e r n  w h ic h  can be d e m o n s tr a te d  w ith  the  a id  
of the E p is t e m ic  D i a g r a m ,  F ig u r e  I X ,  page 161. The  c o n f l ic t  is 
one of the. p r o p e r  r o le  o f  the s c ie n t is t  as s u b je c t  and the p r o p e r  
m e th o d o lo g y  of a t r u l y  " s c ie n t i f ic  n a n a ly s is  of the w o r ld  s o c ia l  
s y s t e m .
F i r s t ,  a p h y s ic a l is t  s c ie n t is t  is not ap t to th in k  about w o r ld  
s o c ia l  s y s te m s  a t  a l l .  Second, i f  he does s tudy  s o c ia l  s y s te m s ,  he 
is m o r e  p ro n e  to s tudy  s m a l l e r  s o c ia l  s y s te m s  th a n  w o r ld  s y s te m s .  
T h i r d ,  he is not l i k e l y  to m o d e l  w o r ld  s y s te m s  th a t  c h a lle n g e  b as ic
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w o r ld  v a lu e s  such as e c o n o m ic  g ro w th .
The fo l lo w in g  p h y s ic a l is t  p re s u p p o s it io n s  d e f in e  an a p p r o ­
p r ia t e  re s p o n s e  to  the th e s is  o f L i m i t s  to G r o w th .
1. B u r e a u c r a t ic  R e s e a r c h . M e m b e r s  o f  the s c ie n t i f ic
c o m m u n i ty  m u s t  p la y  the r o le  o f s e r v a n ts  to s o c ie ty ,  
and t h e i r  r e s e a r c h  m u s t  r e f le c t  th is  r o le .
2. V a lu e  F r e e  S o c ia l  S c ie n c e . The s c ie n t is t  does not m a k e
va lu e  ju d g m e n ts  as such a s tance d e s tro y s  h is  o b je c ­
t iv i t y .
3. F u n c t io n a l i s m . S o c ie ta l  va lu es  a r e  o b v io u s ; the  p r o b le m
is to f in d  how the s o c ia l  s y s te m  w o r k s .  »
4.. M a n i f e s t  D e s t i n y . The w o r ld  s y s te m  is e v o lv in g  tn 
the  d i r e c t io n  o f in c r e a s in g  r a t io n a l i t y .
5. E m p i r i c a l  C o m p le x i t y  of W o r ld  S y s te m s . Th e  e m p i r i c a l
w o r ld  is f a r  too c o m p le x  to be m a t h e m a t ic a l l y  m o d e l le d  
given the p r e s e n t  s ta te  of the a r t .
6. B e h a v io r is m .  H a p p in e s s  can  be o p e r a t io n a l ly  d e f in e d .
1. B u r e a u c r a t ic  R e s e a r c h
The v a s t  m a j o r i t y  o f m e m b e r s  o f  the s c ie n t i f ic  and  t e c h n o lo ­
g ic a l  c o m m u n i ty  a r e  eng aged  in  r e s e a r c h  and d e v e lo p m e n t  p r o je c ts ,  
the o v e r a l l  o b je c t iv e s  o f w h ic h  a r e  d e te r m in e d  by  c u l t u r a l  r e a l i t i e s  
of in s t i tu t io n s  outs ide  th a t  c o m m u n i ty .  The  e p is te m o lo g y  of p h y s ic a l -
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is m  m a k e s  th e s e  c u l t u r a l  r e a l i t i e s  beyond  the r e a c h  o f  s c ie n t i f ic  
in q u i r y .  M a n n h e im 's  id e a l - t y p e  Mb u r e a u c r a t ic  c o n s e r v a t is m '1 
(1 9 3 6 :1 1 8 )  c lo s e ly  p a r a l l e ls  the co n sc io u sn e ss  o f b u r e a u c r a t ic  r e ­
s e a r c h e r .  The co n tex t  o f  the t e r m  " la w "  changes f r o m  " le g a l"  
to " s o c i a l " , ' b u t ,  o th e r w is e ,  M a n n h e im 's  d e s c r ip t io n  f i ts  c o m ­
p le te ly :
Th e  a t te m p t  to h id e  a l l  p r o b le m s  o f p o l i t ic s  u n d e r  the  
c o v e r  o f  a d m in is t r a t io n  m a y  be e x p la in e d  by the fa c t  th a t  
the s p h ere  o f  a c t i v i t y  o f  the o f f ic ia l  e x is ts  o n ly  w i t h in  the  
l i m i t s  o f  law s  a l r e a d y  f o r m u la t e d .  H e n ce  the g e n e s is  o r  
d e v e lo p m e n t  of law  fa l ls  ou ts ide  the scope o f  h is  a c t i v i t y .
A s  a r e s u l t  o f  h is  s o c ia l ly  l im i t e d  h o r i z o n ,  the fu n c t io n ­
a r y  fa i ls  to see th a t  b e h in d  e v e r y  la w  th a t  has b ee n  m a d e  
t h e r e  l ie  the s o c ia l ly  fa s h io n e d  in te r e s ts  and the W e l ta n  - 
schauungen  o f  a s p e c if ic  s o c ia l  g ro u p .  H e  ta k e s  fo r  
g r a n te d  th a t  the s p e c if ic  o r d e r  p r e s c r ib e d  by the  c o n c re te '  
la w  is e q u iv a le n t  to o r d e r  in  g e n e r a l
- In  t e r m s  o f  e c o n o m ic  g ro w th  i t  is ju s t  such a v a lu e  p r e ­
ce p t  th a t  cannot be q u e s tio n e d  b y , sa y , a F e d e r a l  E c o n o m ic  
A d m in i s t r a t i o n  e c o n o m is t ,  a F e d e r a l  P o w e r  C o m m is s io n  a n a ly s t ,  
a g e o lo g is t  w o r k in g  fo r  the C o rp s  o f E n g in e e r s ,  o r  the C h ie f  o f  R e ­
s e a r c h  and D e v e lo p m e n t  fo r  S ta n d a rd  O i l  o f  In d ia n a .
T h e s e  fu n c t io n a r ie s  ten d  to c o n s id e r  t h e i r  a p p ro a c h  to p r o b ­
le m s  as " o b je c t iv e "  by r e i f y in g  the  c u l t u r a l  r e a l i t y  o f  e c o n o m ic  
g ro w th  and thus p la c in g  it  ou ts ide  the p o s s ib i l i t y  o r  p r o b a b i l i t y  o f  
s o c ia l  change .
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2. V a l u e - F r e e  S o c ia l  S c ien ce
T he  s o c ia l  s c ie n t is t  c o n d it io n e d  by  the p h y s ic a l is t  e p is t e m -  
o lo g y  a p p ro a c h e s  the s u b je c t  o f c o n f l ic t in g  va lu es  in  c o n te m p o r a r y  
s o c ie ty  w i th  a se t o f  p r e s u p p o s i t io n a l  r e s t r a in t s  th a t  b lo c k  o f f  c e r ­
t a in  ave n u es  o f  s c ie n t i f ic  in v e s t ig a t io n  (R o s e n a u , 1 9 7 5 :3 0 ) .
G oode and H a t t  (1 9 5 2 :2  5) set out a t y p ic a l  te x tb o o k  a p p ro a c h  
to the p r o b le m  in  t e r m s  o f v a l u e - f r e e  s o c io lo g y :
S ince  the s o c ia l  s c ie n t is t  who s tu d ies  the va lu e s  o f  
h is  own c u l tu r e  is a ls o  in v o lv e d  in  those v a lu e s ,  i t  goes  
w ith o u t  say in g  tha t it  is d i f f i c u l t  fo r  h im  to k e e p  those  
va lu e s  f r o m  i n t e r f e r in g  w i th  h is  s c ie n t i f ic  w o r k .  T h is  
m a y  be e s p e c ia l ly  t r u e  w h e n  the s u b je c t  o f  in v e s t ig a t io n  
is not m e r e l y  the d e s c r ip t io n  of v a lu e  s y s te m s ,  but the  
a n a ly s is  of c o n f l ic t in g  v a lu e s . In  such a case the te m p ta  - 
t io n  to be b ia s e d  by one o f  the c o n f l ic t in g  s y s te m s  is s u r e ly  
g r e a t .
T h is  p a r t i c u la r  p r o b le m  is a s ig n i f ic a n t  e le m e n t  in  
G u n n a r  M y r d a l 's  a n a ly s is  o f the A m e r i c a n  ra c e  p r o b le m ,
A n  A m e r i c a n  D i l e m m a . H e r e  he shows th a t  the  "A m e r i ­
can  C r e e d , " e m b r a c in g  such id e a ls  as e q u a l i ty  o f  o p p o r ­
tu n i ty ,  the  f re e d o m  o f  the in d iv id u a l  w ith o u t  r e s p e c t  to  
r a c e ,  c o lo r  o r  c r e e d ,  is in  d i r e c t  c o n f l ic t  w ith  the a c tu a l  
t r e a t m e n t  o f  the N e g r o .  The d e s c r ip t io n  of th is  v a lu e  
c o n f l ic t  is a s c ie n t i f ic  o p e ra t io n .  A n  e v a lu a t io n  o f  the  
s i tu a t io n  is n o t . The e x p o s u re  o f  lo g ic a l  c o n tra d ic t io n s  
in  v a lu e  s y s te m s  is a l e g i t im a t e  s c ie n t i f ic  a c t i v i t y ,  even  
though s p e c ia l  p le a d in g  fo r  one s y s te m  o r  the o th e r  is not.
G oode and H a t t 's  s u g g e s t io n  see m s to p r o h ib i t  s tud ies  w h ic h
‘  12v ie w  s o c ia l  s y s te m s  w i t h in  the c o n tex t  o f  s c ie n c e s  o f s o c ia l  need .  
Th e  p r o g r a m m a t ic  d e v e lo p m e n t  o f  the s c ie n t i f ic a t io n  o f te c h n o lo g ie s  
as a p p l ie d  to s o c ia l  s y s te m s ,  w h ic h  is a p a r t  o f  the M .  I .  T .  s y s te m s
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d y n a m ic s  d is c ip l in a r y  m a t r i x ,  l ie s  o u ts id e  th ese  m e th o d o lo g ic a l  
c o n s t r a in t s .
3 . F u n c t io n a l is m
The fu n c t io n a l is m  a p p ro a c h  b y p asses  c u l t u r a l  r e a l i t y  as a 
p r o b le m  o f r a t io n a l  a n a ly s is  by p ro p o s in g  th a t  a h i e r a r c h y  o f  u n ­
q u e s tio n e d  v a lu e s  a r e  p ro d u c e d  in  the p ro c e s s  o f  h i s t o r ic a l  s o c ia l  
d e v e lo p m e n t .  A t  the a p e x  o f the h i e r a r c h y  the va lu es  a r e  u n q u e s ­
t io n a b ly  good - -  va lu es  such as s o c ie ta l  s u r v iv a l ,  the c o m m o n  
good, c u l t u r a l  san c tio n s  fo r  s o c ie t a l ly  b e n e f ic ia l  in d iv id u a l  e n ­
d e a v o r s ,  m a in te n a n c e  o f s o c ia l  o r d e r ,  and  the l ik e .
D y s fu n c t io n  c re e p s  in to  the  s y s te m  at the le v e l  o f g o a l  i m ­
p le m e n ta t io n .  P o l i c y  a n a ly s is  and  a c t io n  s t r a te g ie s  s t re s s  the  
e f f ic ie n t  a c h ie v e m e n t  o f  p r e d e t e r m in e d  and  u n q u es t io n ed  s o c ie ta l  
g o a ls ,  a s t r a te g y  c o m m o n ly  a s s o c ia te d  w i t h  the " s y s te m s  a p -  . 
p r o a c h "  o f  m o d e r n  te c h n o lo g y .
The  s t r a te g y  s im p ly  r e q u i r e s  som e le a d e r  to  a s s e m b le  the  
" m is s io n  im p o s s ib le "  te a m  th a t  can so lve  a n y  e x is t in g  p r o b le m .  
R a m o  (1 9 7 3 :1 3 )  s u c c in c t ly  d e s c r ib e s  the  te ch n iq u e  and  
r e la te s  i t  to  la r g e  c o m p le x  s y s te m s  w h ic h  he c a l ls  " c iv i l  s y s te m s " ,  
a s y s te m  in  s c a le  not u n l ik e  F o r r e s t e r ' s  u r b a n  m o d e l  o r  the F o r -  
r e s t e r - M e a d o w s  w o r ld  m o d e ls :
The  s y s te m s  a p p ro a c h  is a tech n iq u e  f o r  the a p p l i c a ­
t io n  of a s c ie n t i f ic  a p p ro a c h  to c o m p le x  p r o b le m s .  I t
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c o n c e n tra te s  on the a n a ly s is  and d e s ig n  o f the w h o le ,  as  
d is t in c t  f r o m  the co m p o n en ts  o r  the p a r ts .  I t  in s is ts  
upon lo o k in g  at a p r o b le m  in  its  e n t i r e t y , ta k in g  in to  ac - 
count a l l  the fa c e ts  and a l l  the  v a r ia b le s ,  and r e la t in g  the  
s o c ia l  to the te c h n o lo g ic a l  a s p e c ts .
W h e n  so lu t ion s  a r e  e n v is a g e d ,  th e y  a r e  e x p re s s e d  in  
the  f o r m  o f  a d e ta i le d  s y s te m ,  c o m b in in g  m e n  and m a c h ­
in e s ,  a s s ig n in g  functions  to ea c h , s p e c ify in g  the use o f  
m a t e r i a l  and the p a t te r n  of in fo r m a t io n  f lo w ,  so th a t  the  
w h o le  s y s te m  r e p r e s e n ts  an  o p t im u m  e n s e m b le  fo r  
a c h ie v in g  a p a r t i c u la r  set o f  g o a ls .
The k e y  a s s u m p t io n  is th a t  the g o a l p u rs u e d  is in v a r ia n t  and  a lw a y s  
l ie s  o u ts id e  the " s y s te m s  a p p ro a c h "  i t s e l f .  A s  G o u ld n e r  ( 1 9 7 0 :1 0 4 ) ;  
H o r o w i t z  (1 9 6 8 :1 5 9 ) ;  and F r i e d r ic h s  (1 9 7 0 :8 9 )  n o te ,  m u c h  s o c io ­
lo g ic a l  r e s e a r c h  is o r g a n iz e d  a ro u n d  th is  type of p la n .  R e s e a r c h  
in  e c o n o m ic s  is a ls o  a case  in  p o in t  in  th a t  m u ch  o f i t  is d e s ig n e d  
w it h  the g o a l o f  e c o n o m ic  g ro w th  as e x p l ic i t  or i m p l i c i t  and w i t h  
the  r e s e a r c h  p r o b le m  c o n c e p tu a l iz e d  so as to a t ta in  th is  g ro w th .  (C f .
M e i e r  and  B a ld w in ,  1966; H o z e l i t z ,  ed . , I 9 6 0 ) .
Th e  c o m m o n  e p is te m ic  c h a r a c t e r is t i c  of a l l  o f  th ese  p e r s p e c ­
t iv e s ,  i . e . ,  s y s te m s  a n a ly s is  and s o c io lo g ic a l  and e c o n o m ic  fu n c ­
t io n a l is m  - - i s  th a t  th e y  a r e  n o r m a t iv e  o r ie n ta t io n s  to  the p r o b le m  
a r e a s  u n d e r  c o n s id e r a t io n .  T h e y  d e a l  in  c r e a t in g  s o c ia l  s t r u c t u r e  
u n d e r  p r e e x is t in g  s o c ie ta l  v a lu e s  r a t h e r  th a n  e x a m in in g  the c o n s e ­
quences  o f the c r e a t io n s  th e m s e lv e s  by  u s in g  v a r ia b le s  w h ic h  l ie  
o u ts id e  t h e i r  r e s p e c t iv e  p a r a d ig m  c o n s tru c ts .
#
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4. M a n i f e s t  D e s t in y
C o le  e t  a l .  , (1 9 7 3 );  O e r le m a n s  et a l .  , (1972 ) and B oyd  
(1972 ) h a v e  c o n s tru c te d  t h e i r  own c o m p u te r  m o d e ls  to d e m o n s tr a te  
the lo g ic a l  p o s s ib i l i t y  th a t  m o d e ls  can be c o n s tr u c te d  w h ic h  p r o je c t  
a c o n t in u a t io n  of e c o n o m ic  g ro w th  f a r  b eyond  the end o f the  
t w e n t y - f i r s t  c e n tu r y .  T h e s e  c r i t i c s  tend  to c o n s id e r  tha t te c h n o -  
lo g y  - -  te c h n o lo g ic a l  in n o va tio n s  - -  w i l l ,  a t  the le a s t ,  ke e p  pace  
w ith  and m a y  eve n  o u ts t r ip  a n y  d e p le t io n  of n a t u r a l  re s o u rc e s  as 
an a g g re g a te  t o t a l i t y .  A s  a p a r a l l e l  p r e s u m p t io n ,  p o l lu t io n  
p r o b le m s  a r e  thought to  be te c h n o lo g ic a l ly  m a n a g e a b le  w e l l  beyond  
the  t im e  f r a m e s  o f  the F o r r e s t e r - M e a d o w s  m o d e ls .
Th e  case  fo r  the  t r a n s m u t a b i l i t y  o f  a l l  r e s o u r c e s  m a y  p ro v e  
to be m o r e  e m p i r i c a l l y  c o r r e c t  than  the r e s o u r c e  f in i te n e s s  c o n c lu ­
s ion  of the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p .  T h e  W o r ld  3 p r e d i c ­
t io n  m a y ,  in d e e d , fo l lo w  the fa te  o f  M a l t h u s . B o th  M a lth u s  and  
M e a d o w s  m a y  f a i l  to p r o p e r ly  acc o u n t fo r  a d v a n c in g  te c h n o lo g y .
T e c h n o lo g ic a l  o p t im is ts  a ls o  m a k e  a le a p  o f fa ith  tha t  goes  
beyond a v a i la b le  d a ta .  T h is  s tance  d ra w s  e p is te m ic  s u p p o rt  
f r o m  a n o t io n  f i r s t  p ro p o s e d  by P a rs o n s  (1 9 4 9 :7 5 1 )  a " d o c t r in e  
of m a n i fe s t  d e s t in y ,  " w h ic h  ho lds  th a t  s o c ie ty  c h e r is h e s  r a t i o n ­
a l i t y  as a fu n d a m e n ta l  v a lu e .  The long t e r m  h i s t o r ic a l  d e v e lo p ­
m e n t  is  one o f in c r e a s in g  r a t io n a l i t y  (e x p o n e n t ia l  g ro w th  o f  
k n o w le d g e ) .
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P a r s o n 's  e a r l y  p o s it io n  is a d e l ib e r a t e  p r o g r a m  o f t h e o r e t i ­
c a l  a n a ly s is  to d e m o n s tr a te  how c o n te m p o r a r y  s o c ie ty  co u ld  d e v e lo p  
out o f  the t r a p  o f u n p lan n ed  ra n d o m n e s s  o f  the u t i l i t a r i a n  w o r ld
v ie w  and  s t i l l  escape the r ig id i t y  o f  the w o r ld  v ie w  of p o s i t iv is m  
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(p h y s ic a l is m -) .  H is  s o lu t io n  p ro p o s e s  an  e m e r g e n t  d e v e lo p m e n t  
of s o c ie ty  l a r g e l y  g o v e rn e d  b y  the v o lu n ta r is t ic  a c t io n s  o f i ts  p a r t i ­
c ip a n ts  but in  the f in a l  a n a ly s is  d i r e c t e d  by a s u p e r - r a t io n a l  law  of  
s o c ie ta l  d e v e lo p m e n t  th a t  in s u r e s  m o v e m e n t  to w a rd s  in c r e a s in g  
r a t io n a l i t y .  Such a la w  d e p ic ts  the  b e s t  o f a l l  p o s s ib le  w o r ld s ,  
f r e e d o m  of a c t io n  of the in d iv id u a l ,  cou p led  w ith  in c r e a s in g  fu n c ­
t io n a l  o r g a n iz a t io n  o f  s o c ie ty  as a w h o le .  H e  s ta tes  h is  p o s it io n  
as f o l lo w s :
In  o r d e r  not to le a v e  the r e a d e r  fe e l in g  th a t  the f o r ­
m u la t io n  o f  a n a ly t ic a l  la w s  on the b as is  o f the s y s te m  
h e r e  w o r k e d  out is in  the s t r u c t u r a l  co n tex t  im p o s s ib le ,  
i t  m a y  be u s e fu l  to suggest t e n t a t iv e ly  th a t  th e re  a l r e a d y  
e x is ts  the b as is  fo r  the fo r m u la t io n  o f such a la w  of w id e  
scope and h igh  s ig n i f ic a n c e .  The la w  m a y  be t e n t a t iv e ly  
f o r m u la t e d  as f o l lo w s : " In  any  c o n c re te  s y s te m  of a c t io n
a p ro c e s s  o f  change so f a r  as i t  is  a t  a l l  e x p l ic a b le  in  
t e r m s  o f  those e le m e n ts  o f  a c t io n  f o r m u la te d  in  t e r m s  o f  
the  in t r in s ic  m e a n s -e n d  r e la t io n s h ip  can  p ro c e e d  o n ly  in  
the d i r e c t io n  of a p p ro a c h  to w a r d  the r e a l i z a t io n  o f the  
r a t io n a l  n o r m s  c o n c e iv e d  as b in d in g  on the a c to r s  in  the  
s y s t e m . " T h a t  is ,  m o r e  b r i e f l y ,  such a p ro c e s s  o f  a c t io n  
can  p ro c e e d  o n ly  in  the d i r e c t io n  o f in c r e a s e  in  the va lu e  
o f the p r o p e r t y  r a t io n a l i t y .
i
S ta te d  in  th is  w a y  th is  b r in g s  im m e d ia t e ly  to m in d  a 
s t r ik in g  a n a lo g y  to the second  la w  o f t h e r m o d y n a m ic s .
T h a t  a ls o  is a s ta te m e n t  o f  the d i r e c t io n a l i t y  of change in  
a s y s te m ,  th is  t im e  a p h y s ic a l  s y s te m ;  i t  m u s t  be in  the  
d i r e c t io n  o f in c r e a s in g  e n t ro p y .  P o te n t ia l  e n e rg y  is c o n ­
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v e r t e d  in to  k in e t ic  e n e rg y ,  in to  a c t io n ,  in  the p h y s ic a l  
s e n s e .  R a t io n a l i t y  o cc u p ies  a lo g ic a l  p o s it io n  in  r e s p e c t  
to a c t io n  s y s te m s  ana log ous  to th a t  o f  e n t ro p y  in p h y s ic a l  
s y s te m s  (at le a s t  on the b a s is  o f  c la s s ic a l  p h y s ic a l  th e o r y ) .  
E f f o r t  e n e rg y  i s , in  the p ro c e s s e s  o f  a c t io n , c o n v e r te d  in to  
r e a l i z a t io n  of e n d s , o r  c o n fo r m i ty  w i th  n o r m s . R a t io n a l i t y  
is one, a t  le a s t ,  o f the p r o p e r t ie s  in  t e r m s  o f  w h ic h  the  
e x te n t  o f th is  change is to be m e a s u r e d  fo r  any  g iv e n  s y s ­
te m  a t  a n y  g iv e n  po in t in  the p ro c e s s  o f  change.
In  such a s o c ie ta l  p e r s p e c t iv e ,  h o m e o s ta s is  is  a m e c h a n is m  i n h e r ­
e n t ly  b u i l t  in to  s o c ia l  s t r u c t u r e .
P a r s o n s '  l a t e r  w o r k  (1 9 6 6 :2 1 )  and  P a rs o n s  and P l a t t  (1973 :
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3 0 3 -3  10) r e in fo r c e  th is  n o t io n  o f  m a n i fe s t  d e s t in y .  In  c o n t e m ­
p o r a r y  f u tu r is t  l i t e r a t u r e  K a h n  (1967) and  K a h n  and B r ig g s  (1972 )  
a r e  r e p r e s e n t a t iv e  o f  those  w h o  exude o p t im is m  about the s t r u c t u r e  
o f w o r ld  s o c ie ty .
T h e  O e r le m a n s ,  T e l l in g  and  D e V r ie s  (1972 ) c r i t iq u e  o f  the  
F o r r e s t e r - M e a d o w s  w o r ld  m o d e l  shows e v id e n c e  o f the m a n i fe s t  
d e s t in y  a r g u m e n t :
The m o d e l  s t r u c tu r e  does not le a v e  s u f f ic ie n t  scope  
f o r  m a n k in d  to in te rv e n e  w h e n  the w o r ld  s y s te m  dev e lo p s  
in  an  u n d e s i ra b le  d i r e c t io n .  (O e r le m a n s  et a l .  , 1972:
2 5 2 ) .
T h e y  f u r t h e r  note  tha t:
A t  the m o m e n t  such e x t r a  T s o c ia l j  fe e d b a c k  is a l r e a d y  
c l e a r l y  n o t ic e a b le  in  l e g is la t i v e  a c t io n ,  p a r t i c u l a r l y  in  the  
U . S . A .  , bu t a ls o  in  N o r t h - W e s t  E u r o p e  p o l i t i c a l  and  
s o c ia l  p r e s s u r e s  a r e  b u i ld in g  up. (O e r le m a n s  et a l .  , 
1 9 7 2 :2 5 2 ) .
B o yd  (1 9 7 2 :5 1 6 )  in c lu d es  a b r i e f  s c e n a r io  in  h is  c r i t iq u e  o f
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L i m i t s  to  G r o w th  th a t  a g a in  i l l u s t r a t e s  the b u i l t - i n  " s o c ia l  f e e d ­
b a c k "  of the  w o r l d  s y s te m :
The t e c h n o lo g ic a l - o p t im is t  v ie w .  The  a d h e re n ts  o f  
th is  v ie w  a rg u e  tha t  th e r e  a r e  no fo r e s e e a b le  l im i t s  on 
p ro d u c t io n  o f .g o o d s . A n y  p a r t i c u la r  s c a r c i t y  w i l l  be 
e l im in a t e d  by  s u b s t i tu t io n  te c h n o lo g y .  F u r t h e r ,  the i n ­
c r e a s in g  s to ck  o f  te c h n o lo g y  is seen  to in c r e a s e  .p ro d u c ­
t i v i t y  and  thus in c r e a s e  the s ta n d a rd  o f l iv in g .  I n c r e a s ­
ing the s ta n d a rd  o f l iv in g  is then  supposed to p rodu ce  
l o w e r  b i r t h  r a t e s .  E v e n t u a l ly  s o c ie ty  is seen  to re a c h  an  
e q u i l ib r iu m  b e tw e e n  a low  b i r th  r a te  and  a low  d ea th  r a te .
L a s z lo  (1 9 7 3 :1 0 ) ,  m a k e s  a s i m i l a r  p o in t .  C o le  (1 9 7 3 :3 0 )  a t ta c k s
the  s a m e  p r o b le m  in  the fo l lo w in g  s ta te m e n t :
A  m a jo r  p r o b le m  in  m o d e l l in g  d y n a m ic  s y s te m s  as i t  
a f fe c ts  w o r ld  m o d e ls  is th a t  o f  in s t a b i l i t y ,  w h ic h  a r is e s  
w h e n  one o r  m o r e  p o s it iv e  (o r  n e g a t iv e )  fe e d b a c k  loops  
d o m in a te  the b e h a v io r  of the m o d e l .  U s u a l ly  in  a d y n a m ic  
s y s te m  som e k in d  o f e q u i l ib r iu m  is m a in ta in e d  by  the c o m ­
p e n s a t in g  a c t io n  o f  n e g a t iv e  (o r  p o s it iv e )  fe e d b a c k  m e c h ­
a n is m s  .
C o le  goes on to  d e m o n s tr a te  how the M .  I .  T .  s y s te m s  d y n a m ic s  
m o d e l le r s  h a v e  b u i l t  in  eq u atio n s  th a t  le a d  to s y s te m  in s t a b i l i t y  - -  
o v e rg ro w th  and c o l la p s e  b e h a v io r  - -  u n d e r  a g r e a t  m a n y  a s s u m p ­
t io n s  o f m o d e l  r u n  b e h a v io r .  W ith o u t  h i m s e l f  o v e r t ly  d is p la y in g  
b ia s  in  fa v o r  o f  inna te  s o c ia l  s y s te m  s t a b i l i t y ,  he ch ides  the m o d e l  
b u i ld e r s  fo r  b ia s e s  to w a rd s  in s ta b i l i t y :
The fe a tu r e s  o f  the m o d e ls ’ s t r u c t u r e  w h ic h  a p p e a r  
to  be u n r e a l i s t ic  in  a w a y  l i k e l y  to a f fe c t  the r e s u l ts  a r e  
the a b s en ce  o f  t e c h n ic a l ,  e c o n o m ic ,  and  s o c ia l  fe e d b a c k  
p ro c e s s e s  and  the use o f  w o r ld  a v e r a g e s  fo r  a l l  v a r ia b le s .
(Cole^ 1 97 3 ;32 ;  C o le  and C u rn o w ,  1973:132; and Sinclair, 1 973:190).
The q u e s tio n  r a is e d  h e r e  is w h e th e r  s o c ia l  s y s te m s  in h e r e n t ly
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re s p o n d  to w o r ld  c r i s i s ?  D o  th e y  r e f l e c t  a s o c ia l  p ro c e s s  th a t  
a c h ie v e s  the m e a n s -e n d  r e la t io n s h ip  c o n c e iv e d  by  the s y s te m  c o n ­
t r o l l e r s ?  Such an  a c h ie v e m e n t  is e v id e n c e  o f  in c r e a s in g  s y s te m  
r a t io n a l i t y .  C l e a r l y  th e r e  is a t e c h n o lo g ic a l - o p t im is t  c o n s c io u s ­
ness th a t  p e r c e iv e s  th is  r a t io n a l i z in g  m e c h a n is m  in  c o n te m p o r a r y  
s o c ia l  s y s te m s  and c l e a r l y  th is  p e r c e p t io n  s tands opposed to th a t  
of the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p .  F o r r e s t e r  (1 9 7 2 (a ) :2 )  
sta tes  h is  s ide  o f  the a r g u m e n t  in  h is  k e y n o te  a d d re s s  to the A m e r i ­
can  P u b l ic  W o r k s  A s s o c ia t io n :
Is  i t  p o s s ib le  tha t o u r  s o c ia l  s y s te m  has changed s ince  
the days w h e n  im p r o v e d  te c h n o lo g y  d id  le a d  to im p r o v e d  
l i v in g ?  C a n  a s o c ia l  s y s te m  u n d e rg o  changes so that  
y e s te r d a y 's  so lu t io n s  to p ro b le m s  b e c o m e  the causes  o f  
t o m o r r o w 's  p r o b le m s ?  I  suggest th a t  in d e e d  such changes  
in  the b e h a v io r  o f o u r  s o c ia l  s y s te m  a r e  p o s s ib le ,  and  
th a t  th e y  a r e  o c c u r r in g  . . . .  U n d e r  the new  c o n d it io n s ,  
r e m e d ie s  th a t  w o r k e d  in  the p as t a r e  apt to be d is a p p o in t ­
ing in  the fu tu r e .
A c c o r d in g  to F o r r e s t e r ,  th en , the ad v an ce  o f  te c h n o lo g y  and s c ie n c e ,
w h ic h  b e c a m e  the  u n d e r g ir d in g  fo rc e  o f in c r e a s in g  r a t io n a l i t y  o f
s o c ia l  s y s te m s  in the n in e te e n th  and e a r l y  tw e n t ie th  c e n tu r ie s ,  has
now b e c o m e  th e  in n e r  s o c ia l  s y s te m  i r r a t i o n a l i t y  in the la te  tw e n t ie th
c e n tu r y .  M e a d  (1 9 7 3 :2 7 )  m a k e s  the h i s t o r ic a l  o b s e rv a t io n :
W e h av e  noth ing  in the h is t o r y  o f  h u m a n  s o c ie t ie s  tha t  
suggests  th a t  a n y  s y s te m  can  be dep ended  upon to c o r r e c t  
i t s e l f  r a t h e r  th an  p e r is h  . . . .
E l l u l  (1 9 6 4 :1 1 9 )  is  one o f  the s e v e r e s t  c r i t i c s  of the in n a te  
o p t im is m  o f w o r ld  te c h n o lo g ic a l  s o c ie ty .  H e  s ta te s :
#
184
H e r e i n  l ie s  the in v e r s io n  w e  a r e  w i tn e s s in g .  W i t h ­
out e x c e p t io n  in  the c o u rs e  o f h is t o r y ,  tec h n iq u e  b e ­
longed  to a c iv i l i z a t io n  and  w as m e r e l y  a s in g le  
e le m e n t  am o n g  a h o s t o f  n o n - te c h n ic a l  a c t i v i t i e s .
T o d a y  tech n iq u e  has ta k e n  o v e r  the w h o le  oh c i v i l i z a ­
t io n .  C e r t a i n l y ,  te ch n iq u e  is no lo n g e r  the s im p le  
m a c h in e  s u b s ti tu te  fo r  h u m a n  la b o r .  I t  has co m e  to 
be ’’in te r v e n t io n  in to  the v e r y  sub stance  not o n ly  o f  
the in o rg a n ic  but a ls o  o f the o r g a n ic ” .
To  h im  the f a i lu r e  o f te c h n o lo g ic a l  s o c ie ty  does not s tem  
f r o m  som e fu tu re  f a l t e r in g  in  its  d r iv e  to o v e rc o m e  a l l  p h y s i ­
c a l  r e s is ta n c e  th a t  i t  m ig h t  e n c o u n te r  in  the e n v ir o n m e n t .  The  
f a i lu r e  o c c u rs  as a r e s u l t  o f  the p ro c e s s  o f the te c h n o lo g ic a l  m i n d ­
set in vad in g  and f in a l l y  d o m in a t in g  a l l  o th e r  f o r m s  of c u l t u r a l  
r e a l i t y .
E l l u l ' s  c r i t iq u e  o f  w o r ld  te c h n o lo g ic a l  s o c ie ty  a p p e a rs  at  
f i r s t  g la n c e  to  be t h e o r e t ic a l l y  d i f f e r e n t  f r o m  F o r r e s t e r ' s  s t a t e ­
m e n t .  E l l u l  c r i t i c i z e s  on m o r a l  g roun ds  and F o r r e s t e r  c r i t i c i z e s  
the la c k  of a n  in te g r a te d  m a n a g e m e n t  o f  te c h n iq u e .  H o w e v e r ,  
E l l u l ' s  p e r s p e c t iv e  is tha t  o f  c u l t u r a l  r e a l i t y ;  w h e r e a s  F o r r e s t e r ' s  
p e r s p e c t iv e  is  o f  the p h y s ic a l  m a n i fe s ta t io n  o f the r e s u l ta n t  s o c ia l  
c o n s tru c t io n .
5. The  E m p i r i c a l  C o m p le x i ty  o f  W o r ld  S y s te m s
A c c o r d in g  to the p h y s ic a l is t  v ie w  o f  the w o r ld ,  a l l  m e a n ­
in g fu l da ta  co m e  f r o m  e x p e r ie n c e  o f the s p a t ia l  t e m p o r a l  w o r ld .  
The e d i f ic e  o f  s c ie n t i f ic  kno w ledge , d ev e lo p s  f r o m  e x p e r ie n t ia l
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d a ta ,  w h ic h  is th en  in te g r a te d  in to  a u n i t a r y  lo g ic a l  s y s te m  of  
s c ie n c e  in  th e o r y .  T h e  s p a t i a l - t e m p o r a l  w o r ld  r e p r e s e n t s  the  
sum  to ta l  o f a l l  a v a i la b le  d a ta .  I t  can h a r d ly  be doubted  th a t  
a n y  such e n t i ty  as a " w o r ld  s y s te m "  m u s t  be b as ed  on a la r g e  
p o r t io n  of tha t d a ta .  C o n s e q u e n t ly ,  an y  r e p r e s e n t a t io n  o f the  
w o r ld  s y s t e m - i n - t h e o r y  m u s t  in d eed  be a s o p h is t ic a te d  set of  
i n t e r r e l a t e d  v a r ia b le s  d e r iv e d  f r o m  an e x h a u s t iv e  in v e s t ig a t io n  
of a m a s s  o f such e m p i r i c a l  e v id e n c e .  The  p h y s ic a l is t  p e r ­
s p e c t iv e ,  th en , tends  to v ie w  an y  a t te m p t  to c o n s tr u c t  a m o d e l  
of a w o r ld  s y s te m  as a m b i t io u s ,  to say the le a s t ,  i f  not out­
r ig h t  p re s u m p tu o u s .
F r e e m a n  (1 9 7 3 :7 )  w r i t in g  in  M o d e ls  of D o o m  fo l lo w s  th is  
" e m p i r i c a l  c o m p le x i t y "  s t r a te g y  by se tt ing  out the p r o p e r  f o r m a t  
of in v e s t ig a t io n  as fo l lo w s :
T h e y  £ the  M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  J 
r ig h t ly  b e l ie v e  tha t  id e a l ly  each r e la t io n s h ip  in  the  
m o d e l  should  be an  a c c u r a te  r e p r e s e n ta t io n  o f  a r e a l  
w o r ld  phen o m en o n  and th a t  m o d e l  b e h a v io r  m u s t  be 
in  re a s o n a b le  a g r e e m e n t  w i th  r e a l  w o r ld  b e h a v io r .
T h is  im p l ie s  the need  to  a s s e m b le  t im e  s e r ie s  data  
on the v a r ia b le s  in  the r e a l  w o r ld  f r o m  1900 to  
1970.
O u r  e x a m in a t io n  suggests  th a t  the M .  I .  T .  m o d e ls  
do not on the w h o le  s a t is fy  th ese  r e q u i r e m e n t s .
The  M .  I .  T .  te a m  can n o t be b la m e d  fo r  the la c k  o f  
d a ta ,  a lth o u g h  th e y  m a y  be c r i t i c i z e d  fo r  t r y in g  to  
e r e c t  such an  e la b o r a te  t h e o r e t ic a l  s t r u c tu r e  and  
such sw eep ing  c o n c lu s io n s  on so p r e c a r io u s  a data  
b a s e .
The M o d e ls  of D o o m  te a m  th e n  e x a m in e s  the d a t a ­
b a s e ,  s u b s y s te m  by s u b s y s te m , in  la b o r io u s  and  m e t ic u lo u s  f a s h ­
io n . W h a t  th is  e x te n s iv e  s e a r c h  u n c o v e rs  is th a t  not s u f f ic ie n t  
d ata  e x is t  to b u i ld  the m o d e l  in  the f i r s t  p la c e  (C o le ,  e t  a l . . ,  1973:  
42 , 61 , 70 , 107 , 109, 190, and  2 0 3 ) .
P r o b a b ly  the m o r e  n e a r ly  a l l - e n c o m p a s s in g  s ta te m e n t  o f
th is  in s u f f ic ie n c y  o f  e m p i r i c a l  data  fo r  w o r ld  m o d e ls  is m a d e  in
a footnote  (C o le ,  e t  a l .  , 197 3 :107 )  as fo l lo w s :
Sam  S c h u r r ,  " E n e r g y 11, S c ie n t i f ic  A m e r i c a n , S e p t e m ­
b e r ,  1963: " T h e r e  is  no t r u e  m e a s u r e  o f  the w o r l d ’s
en d o w m e n t o f e n e rg y  r e s o u r c e s ,  n o r ,  in  the n a tu re  
of th ings is th e r e  e v e r  l i k e l y  to be one. C o s t  a lo n e  
w o u ld  p r o h ib i t  a c o m p r e h e n s iv e  p ro b in g  o f  the e a r t h 's  
c r u s t  to  p ro v id e  a n y th in g  a p p ro a c h in g  a t r u e  m e a s u r e  
of the  r e s o u r c e s .  M o r e  to the p o in t ,  s o c ie t y ’s i n t e r ­
e s t  is co n fin ed  to r e s o u r c e s  th a t  a r e  e x p lo i ta b le  now  
o r  s e e m  l i k e l y  to be in  the fu tu re .  A s  t im e  p a s s e s ,  
the  s ta n d a rd s  o f  e x p lo i t a b i l i t y  k e e p  chang ing , m a in ly  
as a r e s u l t  o f  ad van ces  in  te c h n o lo g y  and changes in  
the  e c o n o m ic  c i r c u m s t a n c e s .  C o n s e q u e n t ly  r e s o u r c e  
s u p p ly  e s t im a te s  a r e  s u b je c t  to  a t  le a s t  as m u c h  u n ­
c e r t a in t y  as e n e rg y  d e m a n d  e s t im a te s .  "
O th e r  c r i t i c s  o f  L i m i t s  to G r o w t h , c a l l in g  a t te n t io n  to 
the m o d e l 's  la c k  o f p r o p e r  " q u a n t i f ic a t io n "  o r  " e m p i r i c a l  
c o n te n t" ,  a r e :  H e i l b r o n e r  (1 9 7 2 :1 4 6 ) ;  K n o p p e rs  (1 9 7 2 :2 ) ;  B e l l
(1 9 7 2 :4 9 ) ;  K a y s e n  (19 7 2 );  and O e r le m a n s , .  et a l .  (1972 :
2 5 1 ) .
The e m p i r i c a l  con ten t o f  a w o r ld  s y s te m  m o d e l  i s 'b e y o n d  
the  scope o f  th is  p a p e r .  The  im p o r ta n t  p o in t  h e r e  is  th a t  the
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e m p i r i c a l  co n ten t r e q u i r e d  is  dep enden t in  p a r t  on the p a r t i ­
c u la r  e p is te m o lo g ic a l  o r ie n ta t io n  of the m o d e l l e r .  B eyond  th is ,  
i f  each  p a r t i c u la r  s c ie n t i f ic  c o m m u n i ty  has i ts  ow n un ique  p a r a ­
d ig m -b a s e d  p e r c e p t io n ,  then  e m p i r i c a l  data  w i l l  be p e r c e iv e d  
d i f f e r e n t ly .
6. B e h a v io r is m
A c c o r d in g  to N e u r a th  (1 9 5 9 :3 0 2 )" ^  s o c io lo g y  o f b e h a v io r is m  
p re s u m e s  th a t  the o n ly  c o r r e c t  m ode o f  o b s e r v a t io n  o f s o c ia l  s y s ­
te m s  is  as p h y s ic a l  s y s te m s .  Such an  o r ie n ta t io n  does not h o w ­
e v e r  a d v o c a te  a s im p le  t r a n s f e r  o f  the " la w s  o f  p h y s ic s  to l iv in g
‘ — 4
th ings and the g ro u p s  th e y  f o r m .  " (N e u r a th ,  1 9 5 9 :3 0 1 ) .  R e f e r r i n g  
once m o r e  to the e p is te m ic  d ia g r a m ,  b e h a v io r is m  s h o rt  c i r c u i ts  
c u l t u r a l  r e a l i t y  by  o b s e rv in g  s o c ia l  a c t io n  and  a t t r ib u t in g  i ts  b e ­
h a v io r  as e n e r g iz e d  by  n o n -m e a n in g  fa c to r s  w h ic h  can by p h y s ic a l -  
i s t i c a l l y  d e s c r ib e d  - -  fa c to rs  w h ic h  can  be o p e r a t io n a l iz e d .  Thus  
a s o c ia l  a c t o r  does not take  a c t io n  b ecause  o f th is  o r  tha t  m o t iv e  o r  
b e l ie f  s t r u c tu r e  o r  w o r ld  v ie w ,  but r a t h e r  he  ac ts  in  res p o n s e  to  
p h y s ic a l  s t im u la .  (N e u r a th ,  1 9 5 9 :2 8 9 ) .  B e l i e f  s t r u c tu r e s  do not  
in f lu e n c e  the c r e a t io n  o f  s o c ia l  s t r u c tu r e  but r a t h e r  the o th e r  w a y  
a ro u n d ;  the f o r m e r  is a lw a y s  the dep enden t v a r ia b le  and the l a t t e r  
the in d ep e n d en t v a r ia b le .
M a r x  w as  r ig h t  and W e b e r  w as  w ro n g ,  a c c o rd in g  to N e u r a th
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(1 9 5 9 :3 0 2 ,  3 10). A  s tudy o f  the d e v e lo p m e n t  of m o d es  o f p ro d u c t io n  
can  le a d  a b e h a v io r is t  to  m a k e  c o r r e c t  p re d ic t io n s  about the r e l i ­
g ious b e h a v io r  o f s o c ia l  a c to r s .  But a s tudy o f  the s i m i l a r i t i e s  b e ­
tw e e n  the " s p i r i t  o f C a lv in is m "  and the  " s p i r i t  o f c a p i t a l is m "  can  
be noth ing but a " m e ta p h y s ic a l  f o r m u la t io n .  " The e p ith e t  " m e ta r  
p h y s ic a l"  is ,  o f  c o u rs e ,  the "k iss  o f d e a th "  b e s to w e d  by p h y s ic a l -  
is ts  on s p e c u la t iv e  t h in k e r s .
I f  id eas  do not p ro v id e  the in n e r  m o to r  o f s o c ia l  s y s te m s  in  
the p ro c e s s  of be ing  c r e a te d  by s o c ia l  a c t io n ,  t h e r e  m u s t  be som e  
w a y  to e x p re s s  b e l ie fs ,  id e a s ,  p h ilo s o p h ie s  and the l ik e  in  p h y s ic a l ­
is t  t e r m s .  T h is  le a d s  N e u r a th  to " im a g in e  a th o ro u g h ly  e m p i r i c a l
*
' f e l i c i t o l o g y ' ( F e l i c i t o l o g i e ) , on a b e h a v io r is t ic  fo u n d a tio n , w h ic h  
co u ld  take  the p la c e  o f  t r a d i t io n a l  e th ic s "  (N e u r a th ,  1 9 5 9 :3 0 6 ) .
N e u r a th  (1 9 5 9 :3 0 6 )  e x p re s s e s  h is  c l in c h in g  a r g u m e n t  as  
f o l lo w s :
Thus i t  is p e r m is s ib le  to a s k  w h e th e r  a c e r t a in  m a n ­
n e r  of l iv in g  y ie ld s  m o r e  o r  le s s  h a p p in e s s ,  s ince  
" h a p p in e s s "  can  be desc r ib e d  w h o l ly  b e h a v i o r is t i c a l l y ; 
i t  is v a l id  to as'k on w h a t  depend the dem an d s  w h ic h  m a s s e s  
of m e n  m a k e  of one a n o th e r ,  w h a t  new dem an d s  a r e  se t,  
w h a t  m odes  o f b e h a v io r  w i l l  e m e r g e  in  such a s i tu a t io n .
T h is  l in e  o f re a s o n in g  r e tu r n s  the p h y s ic a l is t  fu l l  c i r c le  to  
the u t i l i t a r i a n  p h i lo s o p h y  of B e n th a m  "the g r e a t e s t  good . h a p p i ­
ness^] fo r  the g r e a t e s t  n u m b e r " .  N e u r a th ,  h o w e v e r ,  has a new  
t w is t  to the f o r m u la .  In  p la c e  o f the e th ic a l  p h i lo s o p h e r  o r  p o l i t i ­
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c ia n  as the a r b i t e r  and a p p o r t io n e r  o f th is , "good" am o n g  c o m p e tin g  
g ro u p s  and in d iv id u a ls  th e r e  is a new le g i t i m a t o r .  A s  one m ig h t  
h a v e  gu essed , he is the b e h a v io r a l  s o c ia l  s c ie n t is t  h im s e l f ,  not b e ­
cause o f  h is  s u p e r io r  m o r a l  ju d g m e n t ,  but bec au se  o f  h is  s c ie n t i f ic  
a b i l i t y  to d e f in e  ’’h a p p in e s s ” o p e r a t io n a l ly ,  ( B a i e r ,  1 9 6 9 :3 3 ) .
N e u r a th 's  im a g in in g s  o f  a b e h a v io r is t  s o c io lo g y  th a t  is in  
e s s en ce  a s c ie n t i f ic a t io n  o f u t i l i t a r i a n  thought, o r i g in a l l y  e n t i t le d  
"S o z io lo g ie  in  P h y s ik a l is m u s  ” f i r s t  a p p e a re d  in  E r k e n n tn is  in  1931. 
I f  G o u ld n e r 's  (1 9 7 0 ,  C h a p te rs  2 , 3 , 4) h is t o r ic a l  in te r p r e ta t io n s  
a r e  c o r r e c t ,  s o c io lo g y  has in d eed  d ev e lo p ed  in  th is  d i r e c t io n  in  the  
p a s t  t h i r t y  to f o r t y  y e a r s  in  both the  W e s t e r n  in d u s t r ia l  c o u n tr ie s  
and S o v ie t  R u s s ia  a lth o u g h  t h e i r  r e s p e c t iv e  d e f in i t io n s  o f  ’’g o o d ” 
a r e  qu ite  d i f f e r e n t .
A  u t i l i t a r i a n  c u l t u r a l  r e a l i t y  w as  not o r i g in a l l y  s c i e n t i f i c ­
a l l y  b ased  in  th e o r y .  I t  w as  r a t h e r  an  h i s t o r ic a l  d e v e lo p m e n t  th a t  
fe a tu r e d  an a l l ia n c e  o f  m id d le  c lass  s o c ia l  g ro u p s .  U t i l i t a r i a n  
v a lu e s  a r e  h i s t o r i c a l l y  a s s o c ia te d  w ith  the r is e  o f  the m id d le  c la s s e s  
as the p r a c t i c a l  in v e n to rs  o f te c h n o lo g y  as a r t  r a t h e r  than  a s c ien c e  
and  as c r e a to r s  o f  c a p i ta l  d ep lo y in g  th a t  te c h n o lo g y  in  a n e v e r - b e ­
f o r e - r e a l i z e d  s y s te m  o f  m a t e r i a l  goods p ro d u c in g  e n t e r p r is e s .  In  
the b e g in n in g , the c u l t u r a l  r e a l i t y  of u t i l i t a r i a n  id e o lo g y  w a s  not 
b y p a s s e d  as in  p h y s ic a l is m ,  but e x a lte d .  Such in s t i t u t io n a l  s y s te m s  
as the e c o n o m ic  s e c to r ,  the  p o l i t i c a l  s e c to r ,  and  the le g a l  s e c to r
w e r e  s t r u c t u r e d  by the u t i l i t a r i a n  e th ic  and d e v e lo p e d  q u ite  in d e ­
p e n d e n t ly  f r o m  the p r o g r e s s io n  o f the s c ie n t i f ic  e n t e r p r is e .
A  u t i l i t a r i a n  b e h a v io r is t ic  s o c ia l  s c ien c e  in  e f fe c t  c o n s u m -  
a te d  the  m a r r ia g e  o f  s c ie n t i f ic  in s t i tu t io n s  w i th  o th e r  in s t i tu t io n a l  
s t r u c t u r e s  in  m o d e r n  te c h n o lo g ic a l  s o c ie ty .  G o u ld n e r  (1 9 7 0 :9 1 )  
sum s up th is  h i s t o r ic a l  phenom enon  in  the fo l lo w in g  p a r a g r a p h :
F r o m  its  b eg in n in g s  in  n in e te e n th -c e n tu r y  P o s i t i ­
v is m ,  s o c io lo g y  w as  a c o u n te rb a la n c e  to the r e q u i r e ­
m e n ts  o f  an in d iv id u a l is t ic  u t i l i t a r i a n  c u l tu r e .  I t  e m ­
p h a s iz e d  the im p o r ta n c e  o f  " s o c ia l"  needs n e g le c te d  by ,  
and r e q u i r e d  to re s o lv e  the ten s io n s  g e n e ra te d  by , a 
s o c ie ty  th a t  focused  on in d iv id u a l  u t i l i t y .  I t  w as  a th e o r y  
to c o v e r  w h a t  had  b ee n  le f t  out. The  r e s id u a l  had  to be 
added; as so m e  s o c io lo g is ts  once s a id ,  s o c io lo g y  is an  
N  + _I s c ie n c e .  In  o th e r  w o r d s ,  i t  w as  a th e o r y  o f the  
c o m p le m e n t a r y  s t r u c tu r e s  needed  to m a k e  w h o le  the  new  
u t i l i t a r i a n  s o c ie ty .  W h i le  c r i t i c a l  o f  the d e f ic ie n c ie s  o f  
the new c u l tu r e ,  the a im  of P o s i t i v is t  S o c io lo g y  w as  thus  
not to o v e r th r o w  i t  but r a t h e r  to  c o m p le te  i t .  W h a t  w a s  
seen  to be w ro n g  w i th  s o c ie ty  w as  the d e fe c t iv e  s t r u c t u r e  
of the t o ta l i t y .
In  t e r m s  o f in d u s t r ia l  g ro w th ,  the s c ie n t i f ic  in s t i tu t io n  
u n i te d  w i th  o th e r  e x is t in g  u t i l i t a r i a n - d o m in a t e d  in s t i tu t io n s  to fo r m  
a t w o - t i e r e d  s t r u c tu r e  fo r  o p e r a t io n a l iz in g  the n o tio n  of the " g r e a t ­
es t  good fo r  the g r e a te s t  n u m b e r .  " On the f i r s t  le v e l ,  s c ie n t is ts  
in  the sense o f " r a t io n a l  o b je c t iv e "  te c h n o lo g is ts  in  both  the p r i ­
v a te  and  the p u b lic  s e c to rs  can  m e a s u r e  and o r d e r  th is  " g r e a te s t  
good" us ing  " r ig o ro u s  m o d e ls "  and  o th e r  " lo g ic a l  t r a p p in g s "  to  
c o n f i r m  t h e i r  f in d in g s .
G o u ld n e r  (1 9 7 0 :1 0 0 )  e x p re s s e d  th is  s t r a te g y  as fo l lo w s :
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P o s i t i v is m  a f f i r m e d  the p r o p r i e t y  o f a n  a m o r a l  r e ­
sponse to the s o c ia l  w o r ld .  I t  s t r e s s e d  the va lu e  o f  
k n o w le d g e  about s o c ie ty  and u n iv e r s a l i z e d  th is  m o r a l  
esc ap e  by t r a n s f o r m in g  its  a m o r a l  m e th o d  fo r  m a k in g  
s o c ia l  m a p s  in to  a m o r a l  r u le .
The s o c ia l  m ap s  o r  m o d e ls  thus o fte n  take  the c o n c r e te  f o r m  
o f b e n e f i t - c o s t  a n a ly s e s ,  e n g in e e r in g  p r o je c t io n s ,  e c o n o m e tr ic  
m o d e ls ,  te c h n o lo g ic a l  f o r e c a s ts ,  m a n a g e m e n t  o b je c t iv e  s t r a te g ie s ,  
s ta n d a rd  o p e ra t in g  p r o c e d u r e s ,  o r ,  s im p ly ,  g o v e r n m e n t  r e g u l a ­
t io n s  to im p le m e n t  m o r e  g e n e r a l  d i r e c t iv e s  o f the second t i e r  o f  
u t i l i t a r i a n  o r d e r  w h ic h  a r e  d o m in a te d  by the less  s c ie n t i f ic ,  m o r e  
t r a d i t i o n a l  c e n te rs  o f  u t i l i t a r i a n  d e c is io n  m a k in g ,  e . g .  , p o l i t i c a l  
b o d ie s ,  b o a rd s  of d i r e c t o r s ,  e x e c u t iv e  m a n a g e m e n t ,  c o m m it t e e s ,  
and the l i k e .
I t  w a s ,  h i s t o r ic a l l y ,  the  u t i l i t a r i a n  co n n ec t io n  th a t  b ro u g h t  
the s c ie n t i f ic  c o m m u n i ty  in to  the fo ld  o f the l a r g e r  u t i l i t a r i a n  
s o c ie ty  and by im p l ic a t io n  m a d e  i t  a p a r t  o f the a l l  e m b r a c in g  
w o r ld  v ie w  of g ro w th ,  th a t  c o m m o n a l i ty  o f b e l ie f  w h ic h  b e c a m e  
the u n ify in g  fo rc e  o f a w o r ld  te c h n o lo g ic a l  s o c ie ty .
I f  th in g s  go w ro n g  as th e y  often, do w i th in  the to ta l  e n t i ty ,  
th e r e  a r e  enough in s t i tu t io n a l  d iv is io n s  to  enab le  one s p e c ia l  i n t e r ­
es t  g ro u p  to la y  the b la m e  on a n o th e r :  la b o r  on m a n a g e m e n t ;  p r i ­
v a te  s e c to r  e n t e r p r is e s  on p u b lic  s e c to r  r e g u la to r s ;  c o n s u m e rs  on 
p r o d u c e r s ;  p r a c t i c a l  p o l ic y  o p e r a t io n a l i z e r s  on r a t io n a l  p la n n e rs ;  
l a w m a k e r s  on e x e c u t iv e s ;  and ra w  m a te r ia l  r e s o u rc e  o w n e rs  on p r o ­
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d u c tio n  c o n t r o l le r s .  B u t a l l  can  a g r e e  th a t  a m o r e  r a t io n a l ,  c o m ­
p r e h e n s iv e ,  e f f ic ie n t  a p p ro a c h  w i l l  in  the end so lve  the p r o b le m .
The b e n e f i t - c o s t  a n a ly s is  p a r a d ig m  is a c la s s ic  e x a m p le  of  
p h y s ic a l is t  o p e r a t io n a l iz a t io n  of " h a p p in e s s " .  I t  is  N e u ra th 's .  
d r e a m  c o m e ' t r u e ,  a lth o u g h  p e rh a p s  not as he in te n d ed .
F i r s t  i t  can  be s ta te d  in  m a t h e m a t ic a l  t e r m s :
B e n e f i t  _ ... „  , ^------------------- — ~ B e n e f i t  C o s t  R a t io
C o s t
(C£. N is k a h a n ,  1972; and L a y a r d ,  1972).
T h e r e  is h a p p in e s s  (b en e f it)  but th e r e  is  a ls o  sadness  
(co s t) .  The  g r e a t e s t  good is s e r v e d  i f  the b e n e f i t  cost r a t io  is  
g r e a t e r  than  one. . I t  is t ru e  th a t  som e g ro u p s  g a in  and o th e r  g roup s  
lo s e ,  but a b e n e f i t - c o s t  r a t io  o f  g r e a t e r  th a n  one s ig n if ie s  s o c ie ta l  
g a in .  T h e  b a s ic  u n it  o f m e a s u r e  is  c a p i ta l ,  and c a p ita l  f o r m a t io n  
o r  e c o n o m ic  g ro w th  is the n a m e  of the g a m e .  A n y  p r o je c t  tha t  e x ­
h ib its  a fa v o r a b le  r a t io  is  w o r th y  o f  c o n s tr u c t io n ,  and  an y  p r o g r a m  
o r  s e r v ic e  thus endow ed is w o r th y  o f  d e l i v e r y .  S ince  c a p ita l  a t  
hand  is m o r e  v a lu e d  than  fu tu re  C a p ita l ,  a d is c o u n t  r a te  o r  in te r e s t  
r a te  is u s u a l ly  in t ro d u c e d  to r e f le c t  th is  c o n d it io n .
A s  L in s to n e  (1974 ) n o te s , th is  c o n c e p tu a l iz a t io n  o f v a lu e  
r a is e s  the im p o r ta n c e  o f  p re s e n t  even ts  and d isco u n ts  the im p o r ta n c e  
of fu tu re  e v e n ts .  Such a c o n c e p tu a l iz a t io n  c o n c e n tra te s  c o n s c io u s ­
ness on im m e d ia t e  e x p e r ie n c e  - -  i . e .  , on o b je c ts  in  the p r e s e n t  - -
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in  c o n t r a s t  to the in fo r m a t io n - fe e d b a c k  loop  p a r a d ig m  w h ic h  
focuses a t te n t io n  on d y n a m ic  o b je c ts .  L ik e  the s y s te m s  d y ­
n a m ic s  m o d e l  o f  a s o c ia l  s y s te m ,  i t  is a p h y s ic a l ly  o r ie n te d  p e r ­
s p e c t iv e  o f  a n o r m a t iv e  s y s te m . The n o r m a t iv e  s y s te m ,  h o w ­
e v e r ,  c e n te rs  a ro u n d  the p r o b le m  of c a p ita l  f o r m a t io n  as a "how  
to "  p r o b le m  r a t h e r  than  on c a p ita l  f o r m a t io n  as a phenom enon  
w ith  p o s s ib le  u n in te n d e d  consequences  in a f in i te  p h y s ic a l  e n v i r o n ­
m e n t .  ( E l lu l ,  1 9 6 4 :2 2 6 ) .
The p a r a d ig m  i t s e l f  can  han d le  a lm o s t  an y  q u a n t i ty  o f  fa c tu a l  
data  but its  m o d e l  s t r u c t u r e  is e s s e n t ia l ly  l in e a r .  ( F o r r e s t e r ,
1 9 7 5(b) :3 13). The m o d e l l e r  can  m a n ip u la te  re s u l ts  e a s i ly  by in c lu d ­
ing o r  e x t e r n a l i z in g  costs  and b e n e fi ts  as he sees f i t .  The  m o d e l ,  
t h e r e f o r e ,  su ccu m b s  e a s i ly  to the va lu e  id io s y n c r a c ie s  o f the m o d e l ­
l e r  o r ,  m o r e  im p o r ta n t ,  the va lue  o r ie n ta t io n  o f h is  e p is te m ic  c o m ­
m u n i ty  o r  g e n e r a l  c u l t u r a l  r e a l i t y ;  w h i le  s im u lta n e o u s ly  i t  is b e in g  
d is p la y e d  as an  a c c o m p l is h m e n t  of o b je c t iv e  and r a t io n a l  a n a ly s is .  
The f la w  in  th is  e p is te m o lo g y  is i l l u s t r a t e d  b y  the fa c t  th a t  e n ­
v i r o n m e n t a l  c o n c e rn s  a r e  o ften  e l im in a t e d  f r o m  the m o d e l  as b e ­
ing  e i th e r  too s u b je c t iv e  on the one hand  o r  too d i f f i c u l t  to m e a s u r e  
on the o th e r .
In  p r a c t ic e  and in  re s p o n s e  to the C a r t e s ia n  b iases  o f p h y -  
s ic a l is t  s c ie n t i f ic  c o m m u n i t ie s ,  i t  is u s u a l ly  a p p l ie d  to  f ra g m e n ts  
o r  p ie c e s  o f  s y s te m s ,  to in d iv id u a l  p r o je c ts  r a t h e r  than  to s y s te m s
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as a w h o le .  Thus l a r g e r  s o c ia l  s y s te m s  a r e  o ften  a g g re g a t io n s  o f  
p r o je c t s ,  each  b as ed  on b e n e f i t -c o s t  a n a ly s e s  th a t  o p t im iz e  som e  
f o r m u la t io n  o f  c a p i ta l  f o r m a t io n  a lth ough  th is  f o r m u la t io n  n ee d  not 
be e x c lu s iv e ly  thought o f  as a p r iv a te  e n t e r p r is e  e n d e a v o r .  The  
e n t e r p r is e  m a y  be g e a re d  to d e l i v e r y  of s o c ia l  s e r v ic e s  o r  the d e v ­
e lo p m e n t  o f w eapon s  s y s te m s .  The  r e s u l t  is a u t i l i t a r i a n  s o c ia l  
s y s te m ;  e x c e p t  th a t ,  the in d iv id u a l  c o m p e t i t io n  o f S p e n c e r 's  days has  
been  r e p la c e d  by a l a i s s e z - f a i r e  c o m p e t i t io n  by la r g e  b u r e a u c r a t ic  
o r g a n iz a t io n s ,  p u b lic  and  p r iv a t e ,  fo r  s c a rc e  r e s o u r c e s .  O pen  
m a r k e t  c o m p e t i t io n  is l a r g e l y  r e p la c e d  by c o m p e t i t io n  a t  the p la n ­
n ing  t a b l e .
The .p re s e n t  s o c ia l  o r g a n iz a t io n  of c o n te m p o r a r y  te c h n o lo ­
g ic a l  s o c ie ty  b as ed  on the  d u a l i ty  o f  c o n tro l  of a u t i l i t a r i a n  sc ie n c e  
and te c h n o lo g y  in  le a g u e  w ith  u t i l i t a r i a n  e c o n o m ic  and p o l i t i c a l  i n ­
s t i tu t io n s  can  be c h a r a c t e r i z e d  as a l a i s s e z - f a i r e  b u r e a u c r a t ic  
s o c ie ty .
7. The  P r i o r i t y  C o n te s t  B e tw e e n  W o r ld  V ie w s  
o f G ro w th  and E q u i l ib r iu m
T a b le  V I ,  page 195 , s u m m a r iz e s  the c o n tra s t in g  d i s c i p l i n ­
a r y  m a t r i c e s  o f g ro w th  and  e q u i l ib r iu m .  . Th e  tw o  w o r ld  v ie w s  
c o m p e te  on th re e  d i f f e r e n t  le v e ls  o f in s t i tu t io n a l  r e a l i t y ,  (1) w i t h in  
the s c ie n t i f ic  and te c h n o lo g ic a l  c o m m u n ity ,  (2) in  the e c o n o m ic  and
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1. BA SIC  P A R A D IG M  O F  
W O R L D  M O D E L S
ID E O L O G Y  O F  G R O W T H
The sc ien tif ic  com m unity  has not yet achieved a fo rm a l
w o r ld  m odel.
a) The Mr e a l  w o r ld "  is too com plex fo r such an a m b i ­
tious undertak ing .
b) A  "data base" fo r  a w o r ld  m odel m ust be assem bled,  
and this would take y e a rs .
c) M o r e  re s e a rc h  m ust f i r s t  be done on the r e la t io n ­
ships between subassem blies of such a system .
d) The F o r r e s te r -M e a d o w s  m odels , challenge funda­
m e n ta l  values of w o r ld  society , and th e re fo re  exceed  
the p ro p e r  a re a  of investiga tion  of a "value f re e "  
sc ie n c e .
e) Since the highest soc ie ta l value is u t i l i ta r ia n ,  a w o r ld  
m odel w ould re f le c t  the increase  in  to ta l w o r ld  u t i l i ty  
- -  w hich is cap ita l fo rm a tio n . It  would be a m odel 
w ith  cap ita l as the basic unit of analysis  - -  an econo­
m e t r ic  o r  co s t-b en e fit  m odel.
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M odels of social system s a re  b a s ic a lly  models of soc ieta l  
questions asked by the m odel m a k e r .  There  is no such 
thing as a m odel of the " r e a l  w o r ld "  unless i t  would be a 
m odel as com plex and incom prehensib le  as the " re a l  
w o r ld "  its e lf .
The in fo rm atio n -fee d b ack  m odel is the basic p a rad ig m .
It  can be used to m eas u re  a l l  va r iab les  in the system  
without converting them  into a standard unit of ana lys is  
such as cap ita l.
Since a l l  systems exist w ith in  a f in ite  physical e n v iro n ­
m ent, the end state of long lasting systems is to achieve  
hom eostasis , that is ,  adaptive behavior a llow ing steady  
state m aintenance of c r i t ic a l  m easures  of soc ieta l  
s tab ili ty .
2. C E N T R A L  Q U E S T IO N  O F  
FO C U S A S K E D  B Y  T H E  
M O D E L  M A K E R
• The basic w o r ld  p rob lem  is one of economic and p o lit ica l  
r e a l i t ie s  - -  achieving the "g reates t good for the greates t  
n u m b e r" .  Thus the solution lies  in com pleting the func­
tion a l in te g ra tio n  of p resen t economic and p o lit ica l  o rd e r  
- -  im posing n o rm a tiv e  o rd e r  on a physical w o r ld .
Since a l l  n o rm ativ e  o rd e r  m ust be ob jectified  in a p h y s i­
cal w o r ld ,  the p rob lem  of focus is one of d e te rm in ing  the 
com patab il ity  of that n o rm ative  o rd e r  w ith  the physical  
environm ent. The question of focus, is what is the r e l a ­
tionship of m an (and his norm ative  o rd er)  to his  
environm ent.
3. P E R C E P T IO N  O F E C O N O M IC  
G ROW  TH
Econom ic  grow th is a soc ie ta l value and beyond the 
c r i t iq u e  of science.
G row th  in any system  follows a p atte rn  of developm ent  
which is the system 's  l i fe  cycle . In .the fo rm u la t ive  
stage growth can be exponential, as positive feedback
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3. P E R C E P T IO N  O F E C O N O M IC  
G R O W T H  (Continued)
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E conom ic  grow th is a m eas u re  of fe l ic i ty  o r  happiness  
w ith in  a soc iety . The ro le  of science is to m easure  
soc ie ta l goals o b jec t ive ly  and opera tiona lly  so that the 
l a r g e r  soc ie ta l com m unity  can understand how to 
achieve the goals they d e te rm in e  m ore  e f f ic ie n t ly .
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loops dom inate the system . In  a m a tu re  system  negative  
feedback loops le v e l  out grow th tendencies. I f  these nega­
t ive  loop p ress u res  a re  re s tra in e d  by de lay  m echanism s  
the system  w i l l  overg row  and co llapse.
P re s e n t  soc ie ta l values s tress  the in troduction of a n u m ­
b er  of delays into a m atu re  w o r ld  in an in d u s tr ia l  expan-  
j sion l i fe  cyc le . Such delays a r t i f ic ia l l y  s t im u late  growth,
1 and w i l l  eventua lly  re s u lt  in the overg ro w th  and collapse  
of the w o r ld  system .
4. P E R C E P T IO N  O F  PROG RESS W o r ld  society  is m oving tow ard  increasing functional 
in te g ra tio n  and g r e a te r  ra t io n a li ty  in te rm s  of social 
system s con tro l.
W o r ld  societa l goals em phasize  o p tim iza t io n  of a l l  soc ieta l  
subunits to achieve to ta l w o r ld  system  op tim iza t ion . Such 
goals a re  in h e re n t ly  unachievable and w i l l  eventually  p r o ­
duce an overg ro w th  and collapse of w o r ld  society.
5. T H E  R O L E  O F T H E  P O L I C Y ­
M A K E R  AS R A T IO N A L  
P L A N N E R
The science of m anagem ent is one of developing p r o ­
g ra m s  to im p le m e n t goals set out by "the people".  
These goals a r e  re f le c te d  in laws or other statem ents  
of po licy  d e te rm in e d  by p o l it ic a l  rep resen ta tives .
The m anagem ent c r i t e r ia  is that of o v e ra l l  system  r a t io n ­
a l i ty  o r  substantia l ra t io n a li ty  as opposed to operational  
ra t io n a li ty .
Systems m odel m a k e rs  m ust c r it iq u e  goal decisions of 
p o lit ic a l  re p re s e n ta t iv e s , i f  such goals re s u lt  in i r r a t io n a l  
system  beh av io r .
6. T H E  R O L E  O F  T E C H N O L O G Y  
IN  T H E  W O R L D  S Y S T E M
'v
Technological innovation is a response to economic  
demand. I f  the p ro b lem  is econom ica lly  im p o rtan t  
enough, resou rces  w i l l  be a llocated  in suffic ient  
m eas u re  to reso lve  the p ro b lem . Technological  
developm ent, th e re fo re ,  keeps pace w ith  an indus­
t r i a l l y  expanding society .
A  technological solution to a p rob lem  involves two elem ents  
- -  innovation and n a tu ra l  reso u rces . In  a young w o r ld  
technological soc iety w ith  its profusion o f expendable r e ­
sources, technological solutions come e a s ily .  In a m atu re  
technological society w ith  a s tra in ed  pollu tion c a rry in g  
capacity  and d im in ish ing  e as ily  exp lo itab le  reso u rces , the 
cost of innovation i ts e l f  w i l l  become m o re  and m o re  d i f f i ­
cult to ju s t ify .
7. T IM E  P E R C E P T IO N  O F  
R E A L IT Y
Those who th ink in te rm s  of economic m odels m ust  
concentrate  on p resen t r e a l i ty  w here cap ita l is at its 
highest p re m iu m . F u tu re  cap ita l and future events 
m ust be discounted. I f  cap ita l becomes m o re  scarce
In fo rm a tio n  feedback models focus on the "dynamic ob ject" ,  
that is ,  the change in physical objects effected by a continu­
ous ser ies  of m essages. The systems dynam ics m o d e l le r  
perce ives  the o b je c t - th ro u g h -t im e  as an entity . A  group
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7. T IM E  P E R C E P T IO N  O F  
R E A L I T Y  (Continued)
ID E O L O G Y  O F G R O W T H
in re la t io n  to p resen t needs, then consciousness of the 
prese n t becom es m o re  in tense. Long range planning  
becomes less im p o rta n t
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of these in te r re la te d  objects around a nucleus of common  
purpose represen ts  his gesta lt  of a soc ia l system .
1
8. H U M A N IS T IC  V A L U E S The p arad ig m  s tru c tu re  of economic theories  of growth  
support action  that places a h igher value on present  
ind iv idual hum an l i fe  as opposed to com m unity  s u rv iv a l .  
H u m an  rew ard s  tend to be perce ived  in te rm s  of the 
d is tr ib u t io n  of m a t e r ia l  com forts  and se rv ice s .
G roup s u rv iv a l  o r system  m aintenance supercedes in d iv i ­
dual s u rv iv a l  in  te rm s  of human values . The c la im s of 
fu ture generations on m a te r ia l  resou rces  is at leas t  as 
va lid  as those of present generations.
H u m an rew ard s  tend to be perce ived  in te rm s  o f m ore  
a b s trac t  concepts, such as, group respec t,  a feeling of 
s o l id a r ity  and the l ik e .
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p o l i t i c a l  w o r ld ,  and (3) w i th in  the c o m m u n ic a t io n s  w o r ld  w h e r e  c o n ­
sensus o f  p u b lics  is fo r m e d .
T h is  p a p e r  is  c o n c e rn e d  p r i m a r i l y  w ith  the c la s h  in  id e a s ,  
the c o n f l ic t  o f '’ r a d i c a l 1’ and " n o r m a l ” g roups of the l a r g e r  s c ie n ­
t i f i c  and te c h n o lo g ic a l  c o m m u n i ty  each f ig h tin g  fo r  the le g i t im a t io n
o f h is  own p a r a d ig m .  The  tw o c o n tra s t in g  w o r ld  v ie w s  s e e m  to f i l l
17K u h n 's  (1970 ) no tion  of in c o m m e n s u r a b i l i t y ,  th e o r ie s  w ith o u t  a  
m e a s u r e  o r  s ta n d a rd  of c o m p a r is o n .  A s  a l r e a d y  n o ted  in  C h a p te r  I ,  
w o r ld  te c h n o lo g ic a l  s o c ie ty  r e q u i r e s  s c ie n t i f ic  l e g i t im a t io n  o f  its  
c u l t u r a l  r e a l i t y .
The second a r e n a  of c o n f l ic t ,  th a t  of e c o n o m ic  and  p o l i t i c a l  
r e a l i t y ,  is th a t  o f  the w o r ld  o f  p o w e r .  The g ro u p  w ith  the m o s t  
r e s o u r c e s  im p o s e s  its  w i l l ,  in  the end , on the opposing g ro u p .
Thus the p r o b le m  o f  p r e d ic t in g  the o u tco m e  of s o c ia l  c o n f l ic t  tu rn s
out to be an  a n a ly s is  o f the r e la t i v e  r e s o u r c e  s t re n g th s  o f  the g roups
k  18 m  c o m b a t.
T h e  p o p u la r  p e rc e p t io n  of s o c ia l  c o n f l ic t  is  one o f  c o n f l ic t  
b e tw e e n  s p e c if ic  g roups o r  b e tw e e n  c la s s e s  w i t h in  a s o c ie ty .  M u c h  
o f the  r e a l  c o n f l ic t  b e tw e e n  g ro w th  and e q u i l ib r iu m  is thus d is to r te d  
by  p u b lic  in t e r p r e t a t io n  o f  r e a l i t y  to th is  p o w e r  l e v e l .  The  m e d ia  
p o r t r a y s  and the pub lic  p e r c e iv e s  c o n f l ic ts  b e tw e e n  in d u s t r ia l i s ts  
and e n v i r o n m e n ta l is ts ,  g o v e r n m e n ta l  r e g u la to r s  and "open m a r k e t "  
p r o d u c e r  e n t i t ie s ,  O P E C  o i l  p ro d u c in g  c o u n tr ie s  and in d u s t r ia l  o i l
c o n su m in g  c o u n tr ie s .
The t h i r d  a r e n a  is th a t  o f  p u b lic  k n o w le d g e . The  p r o b le m
h e r e  is one o f  co n v in c in g  p u b lic s  o f  the " c o r r e c t 11 set o f b e l ie fs  in
the p a r t i c u la r  c i r c u m s ta n c e s  a t  han d . The c o n f l ic t  b e tw e e n  g ro w th
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and e q u i l ib r iu m  ta k e s  p la c e  in  an  a d d it io n a l  fo u r th  a r e a  o f  c o n f l ic t .  
S ince  a l l  s o c ia l  s y s te m s  a r e  o b je c t i f ic a t io n s  of n o r m a t iv e  s y s te m s ,  
th a t  is o b je c t i f ic a t io n s  of a p a r t i c u la r  c u l tu r a l  r e a l i t y  ( B e r g e r  and  
L u c k m a n ,  196 6:18 ; P a r s o n s ,  1 9 4 9 :V ) ,  s o c ia l  s y s te m s  im p o s e  t h e i r  
w i l l  on the s o c ia l  a c to r s  in  p r o p o r t io n  to  the d o m in a n t  g ro u p 's  s u c ­
cess in  p r o je c t in g  its  n o r m a t iv e  s y s te m  into o b je c t  r e a l i t y  v ia  a 
p h y s ic a l  la w  l ik e  f o r m .
T e c h n o lo g ic a l ly  f o r m e d  s o c ia l  s y s te m s  im p in g e  d r a s t i c a l l y  
on a n a t u r a l  e n v ir o n m e n t .  Such s o c ia l  s y s te m s  ten d  to c o m p le te ly  
e x t e r n a l i z e  the n o r m s  o f s o c ia l  c o m p l ia n c e .  T h is  o b je c t i f ic a t io n  
p ro c e s s  induces s o c ia l  a c to r s  to b e l ie v e  th a t  the c u l t u r a l  v a lu e s  
d r iv in g  the s y s te m  a r e  im m u ta b le  in  p r o p o r t io n  to the p e r c e iv e d  
i m m u t a b i l i t y  o f  the s o c ia l  s y s te m  i t s e l f .  In  th is  s i tu a t io n  o n ly  t e c h ­
n o lo g ic a l  changes a p p e a r  to be fe a s ib le  as opposed to changes in
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T h e r e  a r e  l im i t s  to the a b i l i t y  o f s o c ia l  r e a l i t y  c o n s tru c t io n s  
to a l t e r  u n d e r ly in g  p h y s ic a l  s t r u c t u r e .  The success o f  te c h n o lo g y  
is  b as ed  on the te c h n o lo g is t 's  a b i l i t y  to  r a t io n a l i z e  the s o c ia l  s y s te m  
c o n s tru c te d .  S im p le  l in e a r  im p a c ts  on an  e n v ir o n m e n t  can  be m ad e
w ith o u t  too m a n y  u n in ten d ed  co n s e q u e n c e s . A s  the te c h n o lo g ic a l  
changes b e c o m e  m o r e  c o m p le x ,  the chances  th a t  d e c is io n s  m a d e  
a r e  b as ed  on ig n o ra n c e  in c r e a s e s .  In  the p r e s e n t  p r e d o m in a n t  
w o r ld  v ie w  of g ro w th ,  the h ig h e s t  d e c is io n s  and v a lu e  ju d g m e n ts  
a r e  d ic ta te d  by e c o n o m ic  and p o l i t i c a l  r e a l i t i e s ,  not te c h n o lo g ic a l  
and s c ie n t i f ic  r e a l i t i e s .  Thus those o f  the s c ie n t i f ic  c o m m u n i ty  
c h a rg e d  w i t h  c a r r y in g  out the d ic ta te s  o f the e c o n o m ic  and p o l i t i c a l  
c o m m u n i ty  a r e  induced , and  f in a l l y  r e q u i r e d  to ta k e  e v e r  l a r g e r  
r is k s .  In  th is  te c h n o lo g ic a l  c l im a t e  the s c ie n t i f ic  and te c h n o lo g ic a l  
c o m m u n i ty  w i l l  e v e n tu a l ly  f a i l  in  t h e i r  a s s ig n m e n ts ,  a c c o r d in g  to  
the s y s te m s  d y n a m ic s  g ro u p .
The F o r  re  ste r - M e a d o w s  th e s is  has c o n t in u a l ly  s t r e s s e d  the  
p r o b a b i l i t y  tha t the m o s t  in d u s t r ia l i z e d  c o u n tr ie s  w o u ld  be f i r s t  to  
fe e l  the  e f fe c ts  o f the c o l la p s e  o f  the " w o r ld  s y s te m " .  F o r r e s t e r ' s  
(197 5) m o s t  r e c e n t  s ta te m e n ts  c a l l  a t te n t io n  to Japan  as b e in g  in  
the  m o s t  p r e c a r io u s  p o s it io n  o f  a l l  the w o r ld  p o w e rs ,  the U n ite d  
S ta tes  be ing  a c lo se  second.
D e n is  G o u le t  (1971) d is c u s s e s  the d i le m m a  less  d e v e lo p e d  
c o u n tr ie s  face  in  w h e th e r  to adopt the m a t e r i a l i s t  e x p a n s io n  p o l ic ie s  
of the m o r e  a d v an ced  te c h n o lo g ic a l  s o c ie t ie s .  In  h is  a n a ly s is ,  a d ­
va n c e d  te c h n o lo g ic a l  s o c ie ty  is m o v in g  f r o m  a p o s it io n  o f le s s  to 
m o r e  v u ln e r a b i l i t y  as i t  l iv e s  out its  d e v e lo p m e n t  c y c le  w ith o u t  
a d a p t iv e  changes in  its  va lu e  s t r u c t u r e .  L e s s  d e v e lo p e d  c o u n tr ie s
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w o u ld  be w e l l  a d v is e d  to c o n s id e r  d i f f e r e n t  d e v e lo p m e n t  s t r a te g ie s  
than  those o f h i s t o r ic a l  g ro w th .
8. The  S y s te m s  D y n a m ic s  G ro u p  and the  
P r o b le m  o f  S o c ia l  V a lu e s
Som e c o m m e n ta to rs ,  in a s s e s s in g  the M .  I .  T .  g ro u p 's  a p p ro a c h  
to s o c ia l  s y s te m s ,  have  s h a r p ly  c r i t i c i z e d  the g ro u p 's  la c k  o f fe e l in g  
fo r  the u rb a n  p o o r  and those in  u n d e rd e v e lo p e d  c o u n tr ie s .  T h e s e  
c r i t i c s  c la im  the s y s te m s  d y n a m ic s  g ro u p  p ro p o s e s  so lu tion s  to p r o b ­
le m s  w h ic h  a r e  m o r e  in h u m a n e  th an  the co n d it io n s  th e y  set out to 
c o r r e c t .  L iasz lo  (1 9 7 3 :1 7 )  s ta te s ,  fo r  e x a m p le :
S ince  c u r r e n t  m o d e ls  tend  to c o n c e n tra te  on b a s ic  
b io lo g ic ,  e c o n o m ic ,  and e c o lo g ic a l  f a c t o r s ,  d i s r e g a r d ­
ing m o r a l ,  p s y c h o lo g ic a l ,  and c u l t u r a l  d im e n s io n s ,  
g lo b a l  r e f o r m  b lu e p r in te d  by  e x is t in g  m o d e ls  m a y  tu rn  
out to  be h ig h ly  c o e r c iv e .
M e a d  (1 9 7 3 :2 5 )  notes th a t:
W h e n  F o r r e s t e r  suggests  to the W o r ld  C o u n c i l  o f  
C h u rc h e s  th a t  C h r is t ia n s  should  abandon a n y  e f fo r ts  to 
save the d y in g , the s ta r v in g ,  the v ic t im s  o f  e a r th q u a k e s ,  
and c o n c e n tra te  on l o n g - t e r m  e f fe c ts ,  th is  a l ie n a te s  a l l  
those w ho know th a t  an y  C h r is t ia n  w i l l in g n e s s  to p ro te c t  
the  fu tu re  m u s t  be founded upon C h r is t ia n  p re c e p ts  to 
r e l ie v e  s u f fe r in g  n ow , and th e y  jo in  those w ho a t ta c k  the  
M .  I.  T .  m o d e l ,  the C lub  o f R o m e ,  and  the use o f  a l l  
m o d e ls ,  as i n t r i n s i c a l l y  d e s t r u c t iv e  o f  h u m a n  v a lu e s .
S im m o n s  (1 9 7 3 :1 9 7 )  notes  the  r a t h e r  c h i l l in g  in h u m a n ity  of F o r r e s ­
t e r ' s  (1969 )  u rb a n  m o d e l:
The  im p l ic a t io n  of th a t  m o d e l  is th a t  the p r o b le m  l ie s  
w ith  the r e la t i v e  a t t r a c t iv e n e s s  o f the c i t y  to the m i g r a t -
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ing poor in  n eed  o f  low  r e n t  hou s ing  and s o c ia l  s e r v ic e s  
and the r e la t i v e  u n a t t r a c t iv e n e s s  o f the c i ty  to p r o s p e c ­
t iv e  in m ig r a t in g  a d v a n c e d  te c h n o lo g y  in d u s t r ie s  w ho do 
not r e q u i r e  u n t r a in e d  la b o r  but in s te a d  r e q u i r e  cheap  lan d  
and a h e a l th y  in d u s t r ia l  c l im a t e .  The  s o lu t io n  is to d i s ­
con tinue  s o c ia l  s e r v ic e s  and t e a r  down s lu m  h o u s in g  fo r  
fu tu re  in d u s t r ia l  u s e . Some have  found F o r r e s t e r ' s  q u a n ­
t i f ie d  m o d e l  p a r a m e t e r s  o f " a t t r a c t i v e n e s s 11 s im p ly  a 
e u p h a n is m  fo r  " k ic k  the b la c k s ,  P u e r to  R ic a n s  and C h a - 
canos out . . . "
W ith  e ig h ty  p e r c e n t  of the w o r ld  p o p u la t io n  r e p r e s e n te d  by_ 
p o o r - r u r a l - n o n w h i t e s , one w o n d e rs  w h a t  w o u ld  h ap p en  to th e m  as a 
consequence  o f  t h e i r  be ing  lo c k e d  in the va lu e  s t r u c t u r e  o f the u rb a n  
m o d e l  exp anded  to a w o r ld  m o d e l  and be ing  fa c e d  w i th  an  ad v an c in g  
a g r i c u l t u r a l  te c h n o lo g y  too. W h e r e  does a r u r a l  p o o r  p e rs o n  go in  
a t o ta l ly  u rb a n  w o r ld ?
The M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  tends to a v o id  d is c u s ­
s ion  o f the c r u c ia l  l in k a g e  b e tw e e n  so lu t ion s  to s o c ia l  s y s te m s  p r o b ­
le m s  and t h e i r  im p a c t  on c o n c re te  s o c ia l  g ro u p s  o u ts id e  o f  the 
c r i t i c a l  p ro d u c t io n  g ro u p  th a t  m a in ta in s  te c h n o lo g ic a l  s o c ie ty .  T h is  
lead s  th e m  to th r e e  p ro fo u n d  fa l la c ie s  in  t h e i r  own w o r ld  v ie w :
1. e n fo rc in g  a new so lu t io n
2. d e f in in g  s o c ia l  s y s te m  d e f ic ie n c ie s  as p r o b le m s  of  
r a t io n a l  a n a ly s is
3. the m u l t i p l i c i t y  o f  s o c ia l  s y s te m s  and the  u n i ty  of 
c u l t u r a l  r e a l i t y .
In  the f i r s t  c a s e ,  th a t  o f e n fo r c e m e n t ,  once the  M .  I .  T .  g ro u p  has
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d e f in e d  the p r o b le m  as one o f ’’b r e a k in g  the c o g n it iv e  c o d e ” to how  
a s o c ia l  s y s te m  w o r k s ,  th en  th e y  b ec o m e  the s c ie n t i f ic  p h y s ic a l is t  
e l i t e  w ho can e s ta b l is h  m o r a l i t y  by re a s o n  o f  be ing  a b le  to m e a s u r e  
f e l i c i t y .  H i s t o r i c a l l y  th is  had  le d  to v a r io u s  fo r m s  o f  a u t h o r i t a r i a n  
s o c ia l  o r d e r /
H a r d in  (1 9 6 8 :2 6 1 )  e x p la in s :
C o e r c io n  is a d i r t y  w o r d  to m o s t  l ib e r a ls  now , but it 
need  not f o r e v e r  be so. A s  w i th  the f o u r - l e t t e r  w o r d s ,  
i ts  d i r t in e s s  can  be c le a n s e d  a w a y  by e x p o s u re  to the  
l ig h t ;  by  say in g  it  o v e r  and o v e r  w ith o u t  a p o lo g y  o r  e m ­
b a r r a s s m e n t .  To  m a n y ,  the w o r d  c o e rc io n  im p l ie s  a r ­
b i t r a r y  d em an d s  of d is ta n t  and  i r r e s p o n s ib le  b u r e a u c r a ts ;  
but th is  is not a n e c e s s a r y  p a r t  of its  m e a n in g .  The  o n ly  
k in d  o f  c o e rc io n  I - r e c o m m e n d  is m u tu a l  c o e rc io n ,  m u t u ­
a l l y  a g r e e d  upon by the m a j o r i t y  o f  the peo p le  a f f e c t e d .
( I t a l ic s  added)
The  d i f f i c u l t y  a r is e s  in  th a t  w o r ld  te c h n o lo g ic a l  s o c ie ty  is not 
c o n t r o l le d  by ’’the  m a j o r i t y  o f peo p le  a f fe c te d " .  I t  is  c o n t r o l le d  by  
c o a l i t io n s  of p r o d u c e r - m a n a g e r s  and s k i l l e d - w o r k e r  e l i t e s  in te n t  on 
p r e s e r v in g  the e x is t in g  v a lu e  s t r u c t u r e .  I t  is  not th a t  c o e r c io n  in  
i t s e l f  is  a d i r t y  w o r d  but th a t  the p re s e n t  " c o e r c e r s "  a r e  not l i k e l y  
to  c o e rc e  s o c ie ty  in to  a new  va lu e  s t r u c tu r e  th a t  w i l l  w o r k  to the  
d e t r im e n t  of those in  p o w e r  and to the b e n e f i t  of those  out o f  p o w e r .
M o r e  l i k e l y ,  p r e s e n t  in -p o w e r  c o e r c e r s  w i l l  s e le c t  the p o p u ­
la t io n  o v e rg ro w th  th e o r y  o f  the F o r  re  s te r  -M e a d o w s  m o d e l  as v a l id  
and  r e je c t  t h e i r  th e o r ie s  o f  e c o n o m ic  e q u i l ib r iu m .  In  such a w o r ld ,  
o v e rp o p u la t io n  can  bes t be e x p la in e d  as the u s e le s s  o v e r c a p a c i t y  in
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the  h u m a n  s e c to r  cau sed  by an e v e r m o r e  a d v a n c in g  a u to m a te d  t e c h ­
n o lo g y . The  c e n t r a l  s o c ie ta l  p r o b le m  th en  b ec o m es  ’’the  d is p o s a l  
and c o n tr o l  o f ’u s e le s s '  m e n  and u s e le s s  t r a i t s .  " (G o u ld n e r ,
19.70:76).
A d v a n c in g  te c h n o lo g ic a l  s o c ie ty  has a lw a y s  d e s c r ib e d  i t s e l f  
as " h u m a n is t ic ” . H a r d i n ’s (1 9 7 1 :2 9 6 )  d e f in i t io n  o f  h u m an s  as 
" fo r tu n a te  c i v i l i z e d  m i n o r i t i e s "  a p p e a ls  to p re s e n t  p o w e r  e l i t e :
E v e r y  day we j_ A m e r i c a n s ^  a r e  a s m a l le r  m in o r i t y .
W e a r e  in c r e a s in g  a t  o n ly  one p e r  cen t a y e a r ;  the r e s t  
of the w o r ld  in c r e a s e s  tw ic e  as fa s t .  B y  the  y e a r  2 0 0 0 ,  
one p e rs o n  in  t w e n t y - f o u r  w i l l  be an  A m e r ic a n :  in  one
h u n d re d  y e a r s  o n ly  one in  f o r t y - s i x .  . . .  I f  the w o r ld  is  
one g r e a t  c o m m o n s ,  in  w h ic h  a l l  food is s h a re d  e q u a l ly ,  
th e n  w e  a r e  lo s t .  T h o se  w ho b r e e d  fa s t e r  w i l l  r e p la c e  
the r es t .  . . .  In  the ab sen ce  o f  b r e e d in g  c o n tr o l  a p o l ic y  
of "one m o u th  one m e a l "  u l t i m a t e ly  p ro d u ces  one t o ta l ly  
m is e r a b le  w o r ld .  In  a less  th a n  p e r f e c t  w o r ld ,  the a l l o ­
c a t io n  of r ig h ts  based  on t e r r i t o r y  m u s t  be d e fen d ed  i f  a 
ru in o u s  b re e d in g  r a c e  is to  be a v o id e d .  I t  is u n l ik e ly  
th a t  c iv i l i z a t io n  and d ig n i ty  can  s u r v iv e  e v e r y w h e r e ;  but  
b e t t e r  in  a few  p la c e s  th a n  in  none. F o r tu n a te  m in o r i t i e s  
m u s t  a c t  as the t r u s te e s  o f  a c i v i l i z a t io n  th a t  is th r e a te n e d  
by u n in fo r m e d  good in te n tio n s  .
The second f a l la c y  o f  the M .  I .  T .  g ro u p  th e o r y  is th a t  o f  
a s s u m in g  the s o lu t io n  to s o c ia l  s y s te m  p ro b le m s  is one o f r a t io n a l  
a n a ly s is  - -  b e t t e r  u n d e rs ta n d in g  and c o m m u n ic a t io n  b e tw e e n  s o c ia l  
a c t o r s .  L a u e  and C o r m a c k  (197 5) c i te  the d i f fe r e n c e  b e tw e e n  tw o  
a p p ro a c h e s  to g ro u p  c o n f l ic t  and its  m e d ia t io n .  T h e . c o m m u n ic a t io n  
m o d e l  a s s u m e s  th a t  the ro o t  o f the d isp u te  b e tw e e n  s o c ia l  g roup s  
l ie s  in  the m is u n d e r s ta n d in g  o f each  o n e 's  po in t o f v ie w .  Th e
m e d ia t o r 's  p r o b le m ,  then , is to i n t e r p r e t  and in te g r a te  each  p e r ­
s p e c t iv e  to the  o th e r  and thus re a c h  a c o m m o n  r a t io n a l i t y .  Such a 
m o d e l v is u a l i z e s  a r a t io n a l  te c h n o lo g ic a l  s o lu t io n  to the s p e c if ic  
p r o b le m  a t han d . Th e  b e l i e f  is th a t  the g r e a t e r  the c o m m u n ic a t io n ,  
the q u ic k e r  the s o lu t io n .  The c o n f l ic t  m o d e l  p res u p p o s e s  som e  
b a s ic  u n d e rs ta n d in g  o f each p o s it io n  by  the o th e r .  The  q u e s tio n  of 
c o n f l ic t  is the d is t r ib u t io n  o f s c a rc e  r e s o u rc e s  ( m a t e r i a l  r e s o u r c e s ,  
c a p i ta l ,  p o w e r ,  s ta tu s )  am ong  c o m p e tin g  g ro u p s .  I t  is the p r o b ­
le m  of t r i a g e  in  b a t t le f ie ld  s u r g e r y .  In  th is  c a s e ,  the g r e a t e r  the  
c o m m u n ic a t io n  and u n d e rs ta n d in g  b e tw e e n  c o m p e tin g  g ro u p s ,  the  
g r e a t e r  the c o n f l ic t .
F o r r e s t e r ' s  (1 9 6 8 :1 -2 )  p r o g r a m  of s y s te m s  d y n a m ic s  r e ­
s e a r c h ,  f r o m  the b e g in n in g , w as  a s e a r c h  fo r  s o c ia l  s y s te m  s t r u c ­
tu re  th a t  w o u ld  b r in g  u n d e rs ta n d in g  and , t h e r e f o r e ,  o r d e r  to s o c ia l  
s y s te m s .  The F o r  re  ste r  -M e a d o w s  m o d e ls  con tin u e  th a t  t h r u s t  fo r  
f in a l  o r d e r  in  an o th e r w is e  i r r a t i o n a l  w o r ld .  To  s u r m is e  p r e c is e ly  
w h a t  F o r r e s t e r ' s  o r  M e a d o w 's  o r  the s y s te m s  d y n a m ic s  g ro u p 's  
th in k in g  is a t  the p re s e n t  on th is  po in t is d i f f i c u l t .  The  m o d e ls ,  
h o w e v e r ,  c l e a r l y  in d ic a te  som e s u r v iv o r s  o f  a w o r ld  p o p u la t io n  
o v e rg ro w th  and c o l la p s e .  The s u r v iv o r s ,  w h o e v e r  th e y  a r e ,  w i l l  
lo o k  b a c k  a t  t h e i r  " h e ro ic  o r d e a l"  and v ie w  it  as a t r iu m p h  of  
" p r o g r e s  s ".
The t h i r d  and f in a l  f a l la c y  in  the F o r r e s t e r - M e a d o w s  a p p ro a c h
to w o r ld  s y s te m s  r e g a r d s  the m u l t i p l i c i t y  o f  s o c ia l  s y s te m s  and  
the e s s e n t ia l  u n i ty  o f  w o r ld  c u l t u r a l  r e a l i t y .  The  r e la t io n s h ip  o f  
w o r ld  te c h n o lo g ic a l  s o c ie ty  to its  p h y s ic a l  e n v ir o n m e n t  m a y  indeed  
be an  o v e r r id in g  c o n te m p o r a r y  p r o b le m ,  but i t  is f a r  f r o m  the o n ly  
one. F o r  c e n tu r ie s ,  w o r ld  s c a le  s o c ia l  p r o b le m s  h a v e  e r u p te d  in  
so m e c o r n e r  o f  the w o r ld  and m o v e d  s lo w ly  a c ro s s  i ts  g e o g ra p h ic a l  
and h i s t o r ic a l  s u r fa c e .  M o s t  of these  w o r ld  p r o b le m s  h av e  as  
t h e i r  c e n t r a l  th e m e  the c o n f l ic t  o v e r  som e a s p e c t  o f  the concept o f  
' ’c a p i t a l ” . M o o r e  (1966 ) fo r  e x a m p le ,  c h ro n ic le s  the b eg inn ing  o f  
the  in d u s t r ia l i z a t io n  o f a g r i c u l t u r e  in  s e v e n te e n th -c e n tu r y  E n g la n d  
and the e v o lu t io n  o f th is  in d u s t r ia l i z a t io n  p ro c e s s  f r o m  c o u n try  to 
c o u n try  o v e r  the  s u c ceed in g  c e n tu r ie s .  T h is  in d u s t r ia l i z a t io n  p r o ­
cess  " d ro v e  o f f ” o r  " l ib e r a t e d  f r o m "  the la n d ,  the p ea san ts  tha t  
w e r e  to b e c o m e  the a c to r s  in  the nex t p r o c e s s ,  the u r b a n  in d u s t r ia l  
re v o lu t io n .  In  the a g r i c u l t u r a l  r e v o lu t io n ,  lan d  as an  e te r n a l  
f in i te  p h y s ic a l  e n t i ty  and  r e s p o n s ib i l i t y  o f  the la n d e d  a r is t o c r a c y  
b e c a m e  s im p ly  one o f  the fa c to r s  in  the p ro d u c t io n  eq u a tio n  that  
re s u l te d  in  e v e r  exp and ing  c a p ita l  fo r m a t io n .  T h e  u r b a n ,  in d u s ­
t r i a l  r e v o lu t io n  p r o v id e d  a m e c h a n is m  th ro u g h  w h ic h  the s u rp lu s ,  
la n d e d  p o p u la t io n s  found e i th e r  f re e d o m  (S im m e l ,  196 9 :55 )  as 
m e m b e r s  o f  the m id d le  c la s s ,  o r  s la v e r y  to the n e w ly  in v e n te d  
te c h n o lo g ie s  o f t h e - f i r s t  c a p i t a l - in t e n s iv e  in d u s t r ie s  th a t  had  n o th ­
ing to do w i th  la n d  as p a r t  o f the p ro d u c t io n  e q u a t io n .  T h is  gave
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r is e  to the M a r x ia n  q u e s tio n  o f  p u b lic  v e rs u s  p r iv a t e  o w n e r s h ip  of  
c a p i t a l .
In  the e a r l y  t w e n t ie t h - c e n t u r y  re v o lu t io n  c a m e  a u to m a te d  
m a c h in e r y ,  W ie n e r 's  c y b e r n e t ic  r e v o lu t io n .  The l a b o r e r  w ho had  
once b ee n  a 61ave to the m a c h in e  b e c a m e  s u p e r f lu o u s ,  but s k i l le d  
w o r k e r s  w ho  r e m a in e d  to tend  and m a in ta in  i t ,  b e c a m e  even  m o r e  
p o w e r fu l .  W h e re a s  m a c h in e r y  w as  once a t  the c e n te r  o f  p o w e r  in  
the u r b a n - i n d u s t r ia l  r e v o lu t io n ,  now k n o w le d g e ,  te c h n o lo g ic a l  k n o w ­
le d g e ,  is the k e y  to c o n t r o l .  C a p i t a l  is now id e n t i f ie d  w i th  te c h n o ­
lo g ic a l  i d e a s , t h e i r  o w n e r s h ip  and  c o n t r o l .  E a c h  o f th ese  r e v o l u ­
t io n s  is l ik e  a p la y  tha t c o m e s  onto the w o r ld  s tage but so m eh o w  
r e m a in s  u n f in is h e d  b e fo re  the  n e x t  one s t a r ts .
T he  m o s t  r e c e n t  w o r ld  p r o b le m ,  tha t o f  e c o n o m ic -g r o w th ,  
m u s t  f i r s t  g a in  its  r ig h t fu l  p la c e  f ro n t  stage c e n te r .  In  the eyes  of  
the s c ie n t i f ic  c o m m u n ity ,  i t  is fa s t  a c h ie v in g  th a t  p o s it io n .  W ith  
a l l  the  F o r  re  s t e r -M e a d o w s  m o d e l 's  fa u lts  and r e s u l t in g  c r i t iq u e s ,  
F o r r e s t e r  and M e a d o w s  and the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  
h a v e  done m u ch  to  in v o lv e  the s c ie n t i f ic  c o m m u n ity  in  the o v e r r i d ­
ing p r o b le m  o f e c o n o m ic  g ro w th .  The  s o lu t io n  th e y  m a y  u l t i m a t e ly  
a c h ie v e  w i l l  m o r e  than  l i k e l y  go beyond  the n a r r o w  bounds o f  w h a t  
K uhn r e f e r r e d  to as " s c ie n t i f ic  t h e o r y " .  I t  w i l l  m o r e  th an  l i k e l y  
in v o lv e  the d is c ip l in a r y  m a t r i x  o f  s c ie n c e  p r a c t i t io n e r s  as a to ta l  
e n t i ty .
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T h e  p h y s ic a l is t  p o s it io n  of a u n ity  o f  the s c ie n c e s  w i th  a 
c a p ita l  " S "  has faded  in to  K u h n 's  m u l t i p l i c i t y  o f p a r a d ig m a t ic  
r e a l i t i e s ,  but the b a s ic  p r o g r a m  o f  s c ie n c e  b as ed  on the e x p e r ie n c e  
of o b je c t  r e a l i t y  has r e m a in e d  in ta c t .  I f  a u n iv e r s a l  s c ie n c e  r e ­
cedes as a t h e o r e t ic a l  p o s s ib i l i t y ,  a u n iv e r s a l  s c ie n t i f ic  c o m m u ­
n i ty  e m e r g e s  m o r e  as an  e m p i r i c a l  s o c ia l  n e c e s s i t y . The  th e s is  
of L i m i t s  to G ro w th  and the v is io n  of the m o d e l  b u i ld e r s  th e m s e lv e s  
is th a t  w o r ld  s o c ie ty  m u s t  som eh ow  w o r k  as an o r d e r e d  w h o le  in  a 
f in i te  p h y s ic a l  w o r ld .
W ie n e r  b e l ie v e d  th a t  L e ib n i tz  w a s  m o r e  th a n  any o f the  
o ld e r  p h i lo s o p h e rs  the fa th e r  o f the c o n te m p o r a r y  s c ie n t i f ic  p h i lo ­
sophy o f  a m u l t i p l i c i t y  o f p o s s ib le  r e a l i t i e s .  H e  w as  the in v e n to r
o f  the d o c tr in e  o f  m a n y  p o s s ib le  w o r ld s  (R u s s e l l ,  1 9 4 5 :5 8 9 ) .  B u t
\
as W ie n e r  (1 9 6 5 :1 0 9 )  a ls o  n o ted , L e ib n i t z  w as  a m o r a l  c o w a r d ,  
and fo r  the Q ueen  o f P r u s s ia  he in v e n te d  the d o c tr in e  of the "b es t  
of a l l  p o s s ib le  w o r ld s " .  V o l t a i r e  in  C a n d id e  w as  c o m p e l le d  to  
c o u n te r  the P a n g lo s s ia n  u to p ia  w i t h  a d e p ic t io n  o f the w o r ld  as the  
w o r s t  o f a l l  p o s s ib le  w o r ld s .  I t  m a y  be th a t  L e ib n i t z ,  the c o w a r d ,  
in  h is  p r iv a t e  m e m o i r s  w h ic h  he w as  a f r a id  to p u b lis h ,  (R u s s e l l ,  
1 9 4 5 :5 9 1 ) ,  h i t  on the t ru e  n a tu re  o f  the c a s e .  God is n e i th e r  e n t i r e ly  
good n o r  e n t i r e ly  e v i l ;  in s te a d  he is a h u m o r is t .  R a th e r  than  c r e a te  
the b e s t  p o s s ib le  w o r ld  o r  the w o r s t ,  he c r e a te d  a l l  p o s s ib le  w o r ld s  
and le f t  m a n  to f i t  th e m  to g e th e r  in to  som e m e a n in g fu l  o r d e r .
2 0 9
C H A P T E R  V E N D N O T E S
1. M a n n h e im ’ s d o c to ra l  th e s is ,  S t r u c t u r a l  A n a ly s is  o f E p i s - 
t e m o lo g y , w as  f i r s t  p u b lis h e d  in  K a n ts tu d ie n , s u p p le m e n ta r y  v o lu m e  
57, B e r l i n ,  1922. In  i t  he t r e a ts  the k n o w led g e  s t r u c tu r e s  t h e m ­
se lves  as s y s te m s  o f  s p e c ia l iz e d  k n o w le d g e  d e v e lo p e d  o v e r  h i s t o r ­
ic a l  t im e .  E p is t e m o lo g y  and the h is t o r y  of the kn o w led g e  d e v e lo p ­
e rs  w ho p ro d u c e  a p a r t i c u la r  e p is te m o lo g y  a r e  in  h is  a p p ro a c h  
in e x t r ic a b ly  bound to g e th e r .  H is  d o c to r a l  th e s is  focuses  on the  
kno w ledge  s y s te m s  th e m s e lv e s  and  not the t h in k e r s .  T h is  c h a p te r  
d ra w s  e x te n s iv e ly  on M a n n h e im 's  s t r u c t u r a l  a n a ly s is  m e th o d o lo g y .
H is  m o r e  re n o w n  Id e o lo g y  and U t o p ia , f i r s t  p u b lis h e d  in  
1929, c o n c e n tra te s  on the  h i s t o r ic a l  g ro u p s  t h e m s e lv e s ,  but the  
e p is te m ic  m e th o d o lo g y  o f h is  e a r l i e r  w o r k  s t i l l  p e r m e a te s  the l a t e r  
w o r k .
2. A s  quo ted  in  C h a p te r  I ,  Q uine (1 9 6 6 :1 )  e x p la in s  a p a r a ­
dox as " . . . the a b s u r d i ty  o f  a b u r ie d  p r e m is e  o r  o f  som e p r e ­
co n cep t io n  p r e v io u s ly  re c k o n e d  as c e n t r a l  to  p h y s ic a l  th e o r y ,  to  
m a th e m a t ic s  o r  to the th in k in g  p r o c e s s .  " A  s o c ia l  p a ra d o x  w o u ld  
th en  be such a p r e v io u s ly  re c k o n e d  p re c o n c e p t io n  of s o c ia l  th e o r y .
3. W i ls o n  (1 9 7 3 :1 2 7 )  goes on to s ta te :  " T o d a y  w e  a r e  f in d ­
ing it  m o r e  u s e fu l  to p o s tu la te  the c o e x is te n c e  o f  a l l  t h r e e ,  and  
fo re g o  the f u t i l i t y  o f  t r y in g  to red u c e  a n y  tw o  to the t h i r d .  " T h is  
p o s tu la te  o f  c o e x is te n c e  is in  h a r m o n y  w ith  the n o tio n  of a m u l t i ­
p l ic i t y  o f  r e a l i t i e s ,  a p o s it io n  fu n d a m e n ta l  to s o c io lo g y  o f  k n o w ­
led g e .
W i ls o n  im p l ie s  in  h is  ty p o lo g y  th a t  p h y s ic a l  s y s te m s  and  
n o r m a t iv e  s y s te m s  a r e  d e t e r m in is t ic  r a t h e r  th an  p r o b a b i l i s t i c . 
S y s te m s  th e o r is ts  such as B e r t a la n f f y ,  W ie n e r  and F o r r e s t e r  h a v e  
in s te a d  c o n s id e re d  a l l  s y s te m s  as e i th e r  open (p r o b a b l is t ic )  o r  
c lo s e d  ( d e t e r m in is t ic )  depend ing  p r i m a r i l y  on the  s y s te m  m o d e l  - 
m a k e r s '  e x p l ic i t  a s s u m p tio n s  r a t h e r  th an  an y  in h e r e n t  " n a tu r e "  o f  
the s y s te m  i t s e l f .
4 . S k o l im o w s k i  does not d e f in e  " n o r m a t iv e  m o d e l"  but one 
can  in f e r  th a t  it  is a s y s te m  o f  a c t io n  w h e r e b y  the a c to r s  a r e  g o v ­
e rn e d  by a c o m m o n  set o f  ru le s  o f  conduct. S o c io lo g ic a l  d e f i n i ­
t ions such as those o f  K o lb  (1 9 6 4 :4 7 3 )  and W ic k m a n  (19 7 4 :1 9 9 )  
e m p h a s iz e  the e x t e r n a l  n a tu r e  o f  s o c ia l  n o r m s .  Thus the a c to r  
p e r c e iv e s  the n o r m s  as r e a l i t i e s  w h ic h  e v e r y  p e rs o n  of " n o r m a l  
m in d "  (B la c k ,  1 96 8 :1208 )  w o u ld  fo l lo w .  The  a c t o r  cou ld  a ls o  be 
g e n e t ic a l ly  p r o g r a m m e d ,  as S k o l im o w s k i  su g g e s ts ,  by r e la t in g
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the  n o r m a t iv e  m o d e l  to n o r m s  of s u r v iv a l ,  a c h a r a c t e r is t i c  of e v e r y  
l iv in g  o r g a n is m .
The n o tio n  of a n o r m a t iv e  s y s te m  goes beyond  the c la s s  o f  
m o d e ls  tha t  w o u ld  be d e f in e d  as s o c ia l  o r  g e n e tic  and in c lu d e s  the  
g e n e r a l  c a s e .  E t h ic a l  s y s te m s  a r e  a ls o  n o r m a t iv e  s y s te m s .
F a r b e r  (1 9 6 2 :1 0 8 )  in  d is c u s s in g  H u s s e r l 's  lo g ic a l  e x p la n a t io n s ,  
n o t e s :
The  t o ta l i t y  o f  a l l  n o rm s  c o n s t i tu te s  a c lo s e d  g ro u p  
th a t  is d e te r m in e d  b y  the fu n d a m e n ta l  v a lu e .  A  n o r ­
m a t iv e  p r o p o s it io n  w h ic h  r e q u i r e s  o f a c la s s  o f  ob jec ts  
th a t  th e y  s a t is fy  as m u c h  as p o s s ib le  the c h a r a c t e r s  
th a t  c o n s ti tu te  the p o s it iv e  p re d ic a te  o f v a lu e  is  c a l le d  
a ba s i c n o r m . T h e  c a t e g o r ic a l  im p e r a t i v e  is the b a s ic  
n o r m  in  the g ro u p  o f  n o r m a t iv e  p ro p o s it io n s  w h ic h  
m a k e s  up K a n t 's  e th ic s :  the s a m e  is t r u e  o f  the  p r i m  -
c ip le  o f the g r e a te s t  good of the g r e a te s t  n u m b e r  in  the  
e th ics  o f  the U t i l i t a r i a n s .
I t  m u s t  be co n c lu d ed  th a t  a n y  s t r u c t u r e  w h ic h  is o r g a n iz e d  f r o m  the  
top  dow n - -  th a t  is ,  s ta r ts  f r o m  a c a te g o r ic a l  i m p e r a t i v e  o r  b a s ic  
n o r m  and p ro c e e d s  dow n the h i e r a r c h y  - - t o  p r o g r a m m a t ic  s t r a ­
te g ie s  and th e m e s  to a c t io n .
P a rs o n s  (1 9 6 6 :1 8 )  d ra w s  a d is t in c t io n  b e tw e e n  va lu e s  w h ic h  
a r e  the p r i m a r y  co n n ec tin g  e le m e n t  b e tw e e n  s o c ia l  and  c u l t u r a l  
s y s te m s ,  and n o r m s ,  w h ic h  a r e  r u le s ,  p r o c e d u r e s ,  c u s to m s  and  
la w s  th a t  d e t e r m in e  a c t io n  w i t h in  a s o c ia l  s y s te m .
5. M a n n h e im  (1 9 5 3 :2 6 )  d is t in g u is h e s  b e tw e e n  c a t e g o r ic a l  
im p e r a t i v e s ,  w h ic h  a r e  e p is t e m ic  ru le s  th a t  m u s t  e x is t  o r  the  
n a t u r a l  o r d e r  o f  the s y s te m  w o u ld  be d e s tro y e d ;  and  n e c e s s a r y  
p r e s u p p o s i t io n s ,  w h ic h  a r e  con ven tio ns  a g re e d  upon b y  the s y s te m s  
f o r m e r s  in  o r d e r  to m a k e  the kn o w led g e  s y s te m  e x p l ic i t .  H e  p r e ­
fe r s  to th in k  of e p is te m ic  s t r u c t u r e  as o f  th is  l a t e r  " ta k e n  fo r  
g r a n t e d "  f o r m .
6. M a n n h e im  (1 9 5 3 :5 8 )  no tes :
E v e r y  e p is te m o lo g ic a l  s y s te m a t iz a t io n  is b a s e d  upon  
th is  t r i a d  (o b je c t ,  k n o w le d g e  s y s te m  and s u b je c t ) ,  and  
e v e r y  c o n c e iv a b le  f o r m u la t io n  of the p r o b le m  o f k n o w ­
led g e  is g iv e n  by  th ese  th r e e  t e r m s  in  som e c o m b in a t io n  
(p ro v id e d  i t  is  lo g ic a l ly  m e a n in g fu l ) .
7 . B oth  B e r g e r  and  L u c k m a n  (1 9 6 6 :1 1 7 )  and  H o lz n e r  (1968 :  
86) d is c u s s  the s o c ia l  d is t r ib u t io n  o f k n o w le d g e .
8. M a n n h e im  (1 9 5 3 :5 5 )  b o r r o w s  the t e r m  d e - s u b j e c t i f i c a -
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t io n  f r o m  H e r m a n  L o t z e .
9. B e r g e r  and L u c k m a n  (1 9 6 5 :6 0 )  s ta ted :
The  p ro c e s s  by  w h ic h  the e x t e r n a l i z e d  p ro d u c ts  o f  
h u m a n  a c t iv i t y  a t ta in  the c h a r a c t e r  o f o b je c t iv i t y  is 
o b je c t i f ic a t io n .  The  in s t i tu t io n a l  w o r ld  is o b je c t iv a te d  
h u m a n  a c t iv i t y ,  and  so is e v e r y  s in g le  in s t i tu t io n .  In  
o th e r  w o r d s ,  d e s p ite  the o b je c t iv i t y  th a t  m a r k s  the  
s o c ia l  w o r ld  in  h u m a n  e x p e r ie n c e ,  i t  does not th e r e b y  
a c q u ir e  an  o n to lo g ic a l  s ta tus  a p a r t  f r o m  the h u m a n  
a c t iv i t y  th a t  p ro d u c e d  i t .
10. H o lz n e r 's  ( 1 9 6 8 :7 2 -7 3 )  concepts  o f " o r ie n ta t io n a l  s t r u c ­
t u r e "  and  " s i tu a t io n a l  s t r u c t u r e "  a r e  id e n t ic a l  to the concepts  o f  
" n o r m a t iv e  s t r u c t u r e "  and " p h y s ic a l  s t r u c t u r e "  u se d  in  th is  p a p e r .  
In  each  c o n cep tu a l p a i r  the p e r s p e c t iv e  o f  the o b s e r v e r  d e te r m in e s  
the f o r m  of the s t r u c t u r e .  In both cases  th e r e  is a p r e s u m p t io n  of 
c h a n g e le s s n e s s  in  c u l t u r a l  s t r u c t u r e .  The  t e r m  " n o r m a t iv e  
s t r u c t u r e "  o f  r e a l i t y  c o n s t r u c to r s  is in te n d ed  to f i t  W i ls o n 's  (197 0: 
60) d e f in i t io n  of " n o r m a t iv e  p a r a d ig m " .  The f in a l  p e r s p e c t iv e ,  
th a t  o f the  " r e f le x iv e  s u b je c t , "  is  c o m p a ra b le  to W i ls o n 's  (1970 :
66) concept " in t e r p r e t i v e  p a r a d i g m , "  the s i tu a t io n  w h e r e  c u l t u r a l  
r e a l i t y  i t s e l f  is open to change .
11. G a r f in k e l  does not r e la t e  th is  a s s u m p t io n  of r e f l e x i v i t y  
s p e c i f ic a l ly  to p h y s ic a l is m ,  but r a t h e r  c o n s id e rs  it  a g e n e r a l  e v e r y ­
day  l i f e  a p p ro a c h  to s o c ia l  a c t io n .  The concept u n d o u b te d ly  has  
ro o ts  in  H u s s e r l 's  (1931 ) c r i t iq u e  o f  the "n a iv e  c o n c e p t io n  of the  
w o r l d " ,  w h ic h  w as  i t s e l f  a c r i t iq u e  o f  p h y s ic a l is m .
M a n n h e im  (1 9 5 3 :4 5 )  uses the t e r m  " n a t u r a l "  a p p ro a c h  to 
the  w o r ld  to d e s c r ib e  the s a m e  w o r ld  v ie w :
A n  a t t i tu d e  d i r e c te d  a t  the o b je c ts  as such. T o  such  
a m in d  the u n iv e r s e  w o u ld  p r e s e n t  i t s e l f  as a u n iq u e ly  
d e t e r m in e d  co n tex t  w h e r e  e v e r y th in g  has its  p r o p e r  
p la c e  - - i t  w o u ld  then  be l i t e r a l l y  in c o n c e iv a b le  tha t  
an y th in g  m ig h t  p e rh a p s  be d i f f e r e n t .
12. W i l l i a m  F .  O g b u rn  ( B e c k e r ,  1971:28) e x p re s s e s  a s i m i ­
l a r  s e n t im e n t  in h is  p r e s id e n t ia l  a d d re s s  b e fo re  the A m e r i c a n  S o c io ­
lo g ic a l  A s s o c ia t io n .
13. The  W o r ld  3 m o d e l  a s s u m e s  th a t  a l l  w o r ld  r e s o u r c e s  
a r e  a s in g le  e n t i ty  and t h e r e f o r e  can  be r e p r e s e n te d  b y  one m o d e l  
l e v e l .  T h is  a g g re g a te  to ta l  is g ra p h e d  as d e c lin in g  a t  the r a t e  o f  
2% p e r  y e a r .  A g g r e g a te  r e s o u r c e  d e p le t io n  is p r e d ic te d  on the
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b a s is  o f  the fac t  th a t  w o r ld  r e s e r v e  in d e x e s  on m o s t  s t r a te g ic  i te m s  
w o u ld  in d ic a te  d e p le t io n  in the n e x t  50 to 100 y e a r s .  (M e a d o w s  et  
a l .  , 1972).  The  c o u n te r - a r g u m e n t  o f B o yd  (1 9 7 2 ) ,  C o le  et a l .
(1 9 7 3 ) ,  and O e r le m a n s  e t  a l .  (1 9 7 2 ) ,  is th a t  re s o u rc e s  a r e  n e v e r  
d is c o v e r e d  too f a r  in  the fu tu re  because  e x p lo r a t io n  cos ts  fo r  r e ­
s o u rc e s  o f  long t e r m  fu tu re  use cou ld  not be e c o n o m ic a l ly  j u s t i ­
f ie d .
B e l l  (1 9 7 3 :4 6 4 )  s ta tes  the case as fo l lo w s :
The  e c o lo g ic a l  m o d e ls  ta k e  the p h y s ic a l  f in i te n e s s  o f  
the  e a r th  as the u l t im a t e  bound, bu t th is  is fu n d a m e n t ­
a l l y  m is le a d in g .  R e s o u rc e s  a r e  p r o p e r l y  m e a s u r e d  
in  e c o n o m ic ,  not p h y s ic a l  t e r m s . (C f .  B a r n e t t  and  
M o r s e ,  1963).
14. G o u ld n e r  (1 9 7 0 :1 4 1 )  g ives  a b r i e f  h i s t o r ic a l  acco u n t o f  
P a r s o n s '  t h e o r e t ic a l  p o s it io n  a g a in s t  the b a c k g ro u n d  o f  the d e p r e s ­
s io n  of the 1 9 3 0 's .  P a r s o n s '  p o s it io n  w as  a res p o n s e  to the f a i lu r e  
of u t i l i t a r i a n  l ib e r a l i s m  to e s ta b l is h  w o r ld  o r d e r  out of la is s e z  
f a i r e  e c o n o m ic  c o m p e t i t io n .
15. P a r s o n s  has not c o m m e n te d  p u b l ic ly  on L i m i t s  to  G ro w th  
o r  the F o r  re  ste r -M e a d o w s  m o d e ls .  T h e r e  is  no w a y  to know w h a t  
h is  p o s it io n  w o u ld  be on the is s u e  as a s u b s ta n t iv e  is s u e .  T h e  a r g u ­
m e n t  p r e s e n te d  he r e in  is th a t  te c h n o lo g is ts  and  s o c ia l  th e o r is ts  
h a v e  used  a n o t io n  o f  " m a n i fe s t  d e s t in y "  to s u p p o rt  t h e i r  p o s it io n s .  
W h e th e r  these  ideas  w e r e  t r a n s m i t t e d  d i r e c t l y  f r o m  P a rs o n s  o r  not  
is  i m m a t e r i a l .  W o r ld  v iew s  a r e  c o m m u n ic a te d  in  a m u lt i tu d e  o f  
w a y s  and f o r m s .
P a rs o n s  (1 9 6 6 :2 1 )  sets  out a p a r a d ig m  o f  e v o lu t io n a r y  
change th a t  a p p a r e n t ly  is v a l id  fo r  a l l  s o c ie t ie s .  S o c ie t ie s  a c c o r d ­
ing to th is  p a r a d ig m  s t r iv e  fo r  the  " e n h a n c e m e n t  of a d a p t iv e  c a p a ­
c i t y "  by c o n t in u a l ly  changing s o c ia l  s t r u c tu r e  in the d i r e c t io n  of 
f r o m  le s s  to m o r e  a d a p t iv e .  T h is  s o c ia l  change is a c c o m p lis h e d  
by tw o b a s ic  -p ro cess es  , d i f f e r e n t ia t io n  and  d i f fu s io n .  D i f f e r e n t i a ­
t io n  (P a r s o n s ,  1966:22 ) m o v e s  s o c ia l  s t r u c t u r e  f r o m  s i m p le r  to  
m o r e  c o m p le x  f o r m s ,  w h i le  a t  the  s a m e  t im e  in c r e a s in g  its  a d a p ­
t iv e  c a p a c i ty  to p e r f o r m  the p r i m a r y  fu n c t io n  fo r  w h ic h  the p a r t i ­
c u la r  s t r u c t u r e  w a s  in te n d e d . D i f fu s io n  (1 9 6 6 :2 6 )  is a c u l t u r a l  
p h e n o m e n o n  w h ic h  a c c o m p a n ie s  d i f f e r e n t ia t io n .  Th e  kn o w led g e  
n e c e s s a r y  to  d i r e c t  the s y s te m  d i f f e r e n t ia t io n  tends to m o v e  f r o m  
the  m o r e  s p e c if ic  to the m o r e  g e n e r a l .  K n o w le d g e  t r a n s m is s io n  
l ik e w is e  m o v e s  f r o m  d i r e c t  l in e s  o f  c o m m u n ic a t io n  to " b r o a d c a s t ­
ing . " Both  th is  con ten t and t r a n s m is s io n  fa c t o r  w o r k  to g e th e r  to  
in c r e a s e  the " q u a n t i ty "  o f k n o w led g e  w i t h in  the to ta l  s o c ie ty .  T h is  
in c r e a s in g  r e s e r v o i r  o f  k n o w le d g e , a c c o rd in g  to P a r s o n ia n  t h e o r y ,
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is  not in d ep e n d en t o f s o c ia l  s y s te m  e v o lu t io n ,  but r a t h e r  is the  
fo u n d a tio n  of such e v o lu t io n .
P a rs o n s  and P l a t t  (1 9 7 3 :3 0 5 )  p u rs u e  f u r t h e r  the p a r a l l e l  
s t r u c tu r e  o f  k n o w le d g e  in c r e a s e  and m o n e y  and c r e d i t  in c r e a s e  in  
a to ta l  s o c ie ta l  s y s te m .  Such an  e v o lu t io n a r y  p a r a d ig m  w ith  k n o w ­
ledge  ( in c re a s in g  r a t io n a l i t y )  and m o n e y  and  c r e d i t  ( in c re a s in g  
c a p ita l )  le a d s  one to in f e r  the k in d  o f  d e t e r m in is t i c  e v o lu t io n a r y  
s t r u c tu r e  w h ic h  w e  c a l l  " m a n i fe s t  d e s t in y " .
16. A l th o u g h  b e h a v io r is t  a s s u m p tio n s  m a y  in d eed  la y  the  
foundations  fo r  c o n te m p o r a r y  le g i t im a t io n s  o f  the g ro w th  e th ic ,  
N e u r a th  (1 9 5 9 :3 1 5 )  as a s o c ia l  c r i t i c  v ie w e d  unend ing  e c o n o m ic  
p r o g r e s s  as n a iv e  and u n te n a b le .
17. M a n n h e im  in  h is  d o c to r a l  th e s is  (1 9 5 3 :4 8 )  f i r s t  posed  
the p r o b le m  o f d o m in a n c e  b e tw e e n  c o m p e tin g  " th e o r ie s  of k n o w ­
le d g e "  as he c a l le d  th e m .  M a n n h e im  c o m p a re d  th r e e  th e o r ie s  o f  
k n o w le d g e ,  th a t  o f p s y c h o lo g is m ,  lo g ic  and o n to lo g y . H e  c o n ­
s id e r e d  each  to be in  h i s t o r ic a l  c o m p e t i t io n  a t  the  t im e  o f  h is  d i s ­
s e r ta t io n  (about 1922).  P s y c h o lo g is m  and p h y s ic a l is m  w e r e  m u c h  
the s a m e  by h is  d e f in i t io n .  Both  s t re s s  kn o w led g e  o r  t ru th  as an  
o utcom e o f o b s e r v a t io n  of the s p a t ia l  t e m p o r a l  w o r ld .  Both  a v o id  
ju d g m e n ts  b ased  on o th e r  than e m p i r i c a l  d a ta .  Such a kno w ledge  
o b je c t i f ie s  the m e a s u r e m e n t  o f  s o c ia l  v a lu e s .  (M a n n h e im ,  1953: 
52).
F r i e d r i c h s  ( 1 9 7 0 :1 -1 0 )  g ives  a syn ops is  o f  the p ro c e s s  o f  a 
re v o lu t io n  in  s o c ia l  t h e o r ie s .  H is  r e v ie w  condenses  K u h n 's  m o r e  
d e ta i le d  acc o u n t  o f  th a t  p ro c e s s .
18. B e r g e r  and L u c k m a n  (1 9 6 6 :1 0 9 )  d iscu s s  the s o c ia l  l in k  
b e tw e e n  the c o n fro n ta t io n  o f  id e o lo g ie s  as a t h e o r e t ic a l  p r o b le m  
and a p r o b le m  of p o w e r .
19. H e i l b r o n e r  (1 9 7 2 :1 5 0 )  a p p a r e n t ly  a g r e e s  w ith  the  
L i m i t s  to G ro w th  th e s is  th a t  z e r o  p o p u la t io n  g ro w th  and z e r o  e c o ­
n o m ic  g ro w th  w o u ld  be d e s i r a b le  w o r ld  g o a ls .  H e  con c lu des  h o w ­
e v e r :  " . . .  th a t  the im p o s i t io n  of such a p r o g r a m  is f a r  beyond
o u r  e x is t in g  s o c ia l  and p o l i t i c a l  c a p a b i l i t ie s .  "
E P IL O G U E
In  C h a p te r  I  the  b a s ic  h y p o th es is  of s o c io lo g y  o f  kno w ledge  
as i t  a p p lie s  -to th is  w o r k  w as  s ta te d  as fo l lo w s :
C o g n a t iv e ly  r a t io n a l  th e o r ie s  about how  s o c ia l  s y s te m s  w o r k  
a r e  in e v i ta b ly  founded on p re s u p p o s it io n s  w h ic h  a r e  va lu e  j u d g ­
m e n ts  of the t h e o r is t  as a d v o c a te  o f  a s o c ia l  g ro u p  w i th  w hose  d e s ­
t in y  he id e n t i f ie s  and w h o se  ongoing e x p e r ie n c e s  he s h a re s .
T h u s , w o r ld  m o d e ls  a r e  le g i t im a t io n s  o f w o r ld  v iew s  o r  b e ­
l i e f  s t r u c tu r e s  o f  the m o d e l l e r .  The  F o r r e  s t e r -M e a d o w s  m o d e ls  
a r e  no e x c e p t io n .  Such m o d e ls  a s s e r t  the v a lu e  o f  e c o n o m ic  e q u i l i ­
b r iu m  as a m e a n s  o f  a c h ie v in g  long t e r m  w o r ld  s o c ie ty  a d a p ta t io n  
to changing  e n v ir o n m e n ta l  r e a l i t i e s .  V a lu e s  m u s t  e v e n tu a l ly  r e la t e  
to  c o n c re te  p e o p le ,  not m e r e l y  a b s t r a c t io n s .  T h e r e f o r e ,  w h a t  the  
F o r r e s t e r - M e a d o w s  m o d e ls  a r e  say ing  is th a t  the long t e r m  i n t e r ­
es ts  o f  the g r e a t  m a s s e s  o f peo p le  l iv in g  in  the  t w e n t y - f i r s t  c e n tu r y  
and  beyond  a r e  best s e r v e d  by  a p o l ic y  th a t  w o u ld  end e c o n o m ic  
g ro w th  and f u r th e r  c a p ita l  a c c u m u la t io n  as d o m in a n t  s o c ie ta l  va lues  
and s u b s ti tu te  in s te a d ,  s o c ie ta l  goals w h ic h  e m p h a s iz e  a b a la n c e  
b e tw e e n  c a r r y in g  c a p a c i ty  o f  the p h y s ic a l  w o r ld  and  the needs o f  the  
po p u la t io n s  th a t  m u s t  be s u p p o rte d  by th is  c a r r y in g  capac ity '.
Such a re d u c t io n  of the F o r  re s te  r - M e a d o w s  m o d e ls  sounds
* 2 1 4
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so m eh o w  l ik e  a debunking  o r  u n m a s k in g  of w h a t  w a s  o r i g in a l l y  a 
s c ie n t i f ic  e n t e r p r is e  and an e x p o s u re  o f  h id d e n  o v e r r id in g  v a lu e  
ju d g m e n ts  tha t d r iv e  the m o d e l l e r  to fo r e o r d a in e d  c o n c lu s io n s .
A n  u n m a s k in g  c r i t iq u e  o f L i m i t s  to G ro w th  is not in te n d e d .
A  c a r e fu l  re d d in g  o f  L i m i t s  to G ro w th  i t s e l f  should  c o n v in ce  the r e ­
v ie w e r  th a t  the g ro u p  b e l ie v e s  a l l  c o n c r e te ly  e x is t in g  s o c ia l  s y s te m s  
a r e  b u i l t  a ro u n d  a nuc leu s  o f  va lu es  r e f le c t in g  the w o r ld  v ie w s  o f  
e c is t in g  s o c ie ty .  F o r r e s t e r  c a l ls  th is  nuc leus  o f  v a lu es  the m e n ta l  
m o d e ls  o f  p o l ic y m a k e r s .
P o l i c y m a k e r s  im b u e d  w i t h  the id e o lo g y  of g ro w th  th in k  and  
p e r c e iv e  in  p r a g m a t ic  p a r a d ig m s .  J u s t i f ic a t io n  o f p la n n in g  is c o n ­
f i r m e d  by r e s u l ts  o f  those p la n s .  Such an id e o lo g y  is fu tu re  o r i e n t ­
ed, but the o v e r a l l  s o c ie ta l  g o a l is  i r r e v o c a b ly  lo c k e d  on e x p o n e n ­
t i a l  e c o n o m ic  g ro w th .  B e c a u s e  th is  goa l is beyond  r a t io n a l  c r i t i ­
c is m ,  one .can o n ly  a g r e e  o r  d is a g r e e .  A n y  s o c ia l  s y s te m  m o d e l le d  
a ro u n d  th is  goa l is in a c tu a l i ty ,  a c lo s e d  d e t e r m in is t ic  s y s te m .
The id e o lo g y  of g ro w th  a l lo w s  a v is io n  of in d u s t r ia l  e x p a n s io n  
in  p a r a l l e l  w i th  a r is e  in  m a t e r i a l  s ta n d a rd  o f  l iv in g  o f  the g e n e r a l  
p o p u la t io n .  Those  in d iv id u a ls  w h o se  fu tu re s  a r e  t ie d  to in d u s t r ia l  
e x p a n s io n ,  be th e y  c o r p o r a t io n  p r e s id e n ts  o r  s to c k h o ld e rs  in te n t  on 
e x p o n e n t ia l  g ro w th  of p r o f i t s  in  a p r iv a t e  c a p ita l  s o c ie ty  o r  c o m m u ­
n is t  p la n n e rs  in te n t  on expand ing  the  p o w e r  base o f  t h e i r  c e n t r a l i z e d  
e c o n o m y , can  e x p e c t  a fu tu re  o f  " m o r e " .  T h e se  a r e  r e p r e s e n t a -
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t iv e s  o f  the c o n s e r v a t iv e  p h a la n x  of the id e o lo g y  o f  g ro w th .
On the o th e r  han d , the l i b e r a l  e le m e n ts  o f the id e o lo g y  o f  
g ro w th  focus on e x p a n s io n  of m a t e r i a l  s ta n d a rd s  o f  l iv in g  o f both  
the p r o d u c e r s  and the s o - c a l le d  s o c ia l ly  d ep enden t. E c o n o m ic  
g ro w th  is the* c e m e n t  of s o c ia l  c o h e s io n  tha t  binds c o n s e r v a t iv e  and  
l i b e r a l  p e r s p e c t iv e s  to g e th e r .
The s c ie n t i f ic  and te c h n o lo g ic a l  c o m m u n i ty  is c a s t  in  the  
ro le  o f  te c h n o lo g y  p r o d u c e r ,  the  a r c h i t e c t  and e n g in e e r  o f  fu tu re  
e x p a n s io n  s u b je c t  to the s u p e r o r d in a te  a u t h o r i t y  o f p o l i t i c a l  and e c o ­
n o m ic  p o l ic y m a k e r s .
The id e o lo g y  of g ro w th  p o s tu la te s  fo r  a u to p ia n  s c e n a r io  
c o n s is t in g  o f  a u n if ie d  w o r ld  e c o n o m ic  s y s te m  in  w h ic h  p o l i t i c a l  
e n t i t ie s  a r e  so in te rd e p e n d e n t  th a t  e c o n o m ic  r e a l i t y  d ic ta te s  a k in d  
of fo r c e d  c o o p e ra t io n .  Such a p lan n e d  fu tu re  is not in  i t s e l f  e v i l .
T h e  p r o b le m  is tha t p e rs o n s  h o ld in g  th e s e  s in g le m in d e d  v a lu e s  o v e r ­
lo o k  r e a l i t i e s  th a t  do not show up in t h e i r  p a r t i c u la r  f ie ld  o f v is io n .
The p ro c e s s  o f  e c o n o m ic  d e v e lo p m e n t  l i t e r a l l y  and p h y s ic ­
a l l y  p r o je c ts  its  s o c ia l  in s t i tu t io n s  on to and into  the " r e a l "  w o r ld .  
T h u s ,  the w o r ld  e c o n o m ic  s y s te m  b e c o m e s  r e i f i e d  and d e i f ie d  u n t i l  
i t  a c h ie v e s  the p e r c e p t iv e  st'a ture o f p h y s ic a l  la w .  T h o se  p e r c e i v ­
ing th is  law  lose  co n sc io u sn e ss  o f the h i s t o r ic a l  o r ig in  o f its  s o c ia l  
c o n s tr u c t io n .  The  w o r ld  e c o n o m ic  s y s te m  b e c o m e s  the r e a l i t y  o f  
the  e v e r y d a y  w o r ld .  A t  th is  l a t e r  s ta te  o f  o b je c t i f ic a t io n  o f  th is
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s o c ia l ly  d e r iv e d  la w  one need  not i n t e r n a l i z e  the n o rm s  o f  the id e o ­
lo g y  o f  g ro w th  to le a d  a l i f e  in  a c c o rd a n c e  w i th  its  p r e c e p ts .
A n  a c t o r  m a y  be d is e n c h a n te d  o r  e s t ra n g e d  f r o m  notions  o f  
p r o g r e s s  and te c h n o lo g ic a l  a c h ie v e m e n t .  F e e l in g s  o f a n o m ie  a r e  
m o r e  o fte n  found am o n g  te c h n o lo g ic a l  e l i te s  r a t h e r  than  a m o n g  
w o r k e r  p r o d u c e r s  o r  the e c o n o m ic a l ly  dep en d en t,  ye t  the a c t io n s  
of the u n c o m m it te d  b e c o m e  e n t r a in e d  to the o b je c t i f ic a t io n  o f  the  
e c o n o m ic  p ro c e s s  in  m u c h  the s a m e  m a n n e r  as " t ru e  b e l i e v e r s "  
in  the id e o lo g y  o f  g ro w th .
S ince  those th a t  a r e  the " t ru e  b e l i e v e r s "  in  the id e o lo g y  o f  
g ro w th  f o r m  a c o a l i t io n  o f both c o n s e r v a t iv e s  and l i b e r a l s ,  each  
w in g  has i ts  own d is t in c t  p e r c e p t io n  of h is  a d v e r s a r ie s  on the is s u e  
of e c o n o m ic  d e v e lo p m e n t .  C o n s e r v a t iv e s  in  the s o - c a l le d  " d e v e l ­
oped, f r e e  w o r ld  c o u n t r ie s "  o ften  p e r c e iv e  t h e i r  a d v e r s a r ie s  as  
r a d ic a ls  f r o m  the  le f t  who have  lo s t  fa i th  in  f r e e  e n t e r p r is e .
L i b e r a l  e le m e n ts  o f the id e o lo g y  o f  g ro w th ,  fo r  e x a m p le  the  
S u ssex  g ro u p  th a t  c r i t iq u e  L i m i t s  to  G r o w th  in  M o d e ls  o f D o o m , 
p e r c e iv e  the  e q u i l ib r iu m  Utopians as r ig h t  w in g  te c h n o lo g is ts  r e a d y  
to  shut dow n the h a r d - w o n  m a t e r i a l  ga ins o f the m a s s e s  and  cu t o f f  
t h e i r  chances  fo r  fu tu re  p r o g r e s s .  T h e r e  is m u ch  in  F o r r e s t e r ' s  
w r i t in g s  to d o c u m e n t a case s u p p o rt in g  the S u ssex  g ro u p 's  a r g u m e n t ,  
p a r t i c u l a r l y  in  F o r r e s t e r ' s  u rb a n  m o d e l  and in  h is  a r t i c l e  " C h u rc h e s  
a t  the T r a n s i t io n  b e tw e e n  G ro w th  and W o r ld  E q u i l i b r i u m "  (1 9 7 2 ) .
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M e m b e r s  o f  the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  b e l ie v e  tha t  
a w o r ld  e q u i l ib r iu m  e c o n o m y  is c lo s e ly  a s s o c ia te d  w i th  h u m a n i t a r ia n  
and  e g a l i t a r i a n  v a lu e s .  Sen (1 9 6 9 ) ,  Shaw (1 9 7 0 ) ,  C r i t c h f i e l d  (1 9 7 1 ) ,  
and  R a n d e rs  and D o n n e l la  M e a d o w s  (1 9 7 3 :3 3 4 )  have  a l l  s tu d ied  the  
" g r e e n  r e v o lu t io n "  and t h i r d  w o r ld  p e a s a n t  f a r m e r s .  In  C h a p te r  V ,  
w e n o ted  th a t  th is  fa c e t  o f  the i n d u s t r ia l i z a t io n  p ro c e s s  has  b ee n ,  
a c c o rd in g  to M o o r e  (1 9 6 6 ) ,  the le a d in g  edge o f  the in d u s t r ia l  r e v o ­
lu t io n  fo r  the pas t th r e e  h u n d re d  y e a r s .  M e c h a n iz a t io n  of a g r i c u l ­
tu r e  r e s u l ts  in  the e v e n tu a l  " c ro w d in g  o u t"  o r  pushing o f f  the la n d  
o f  the t r a d i t io n a l  p ea san t  f a r m e r  w h o se  m eth o d s  and p r ic e s  cannot  
c o m p e te  w i th  the new  te c h n o lo g y .  M ig r a t i o n  o f the r u r a l  p o o r  to  
u r b a n  c e n te rs  has been  a w o r ld  p h e n o m e n a . F o r  in s ta n c e ,  in  the  
U n ite d  S ta tes  t h i r t e e n  m i l l i o n  p e rs o n s  m ig r a t e d  f r o m  f a r m s  to c i t ie s  
b e tw e e n  1950 and 1970 (F o r d  F o u n d a t io n ,  1 9 7 4 :9 3 ) .  In  th is  c o u n try  
and in  m o s t  d e v e lo p e d  c o u n tr ie s  the m ig r a t io n  p ro c e s s  i t s e l f  is in  
th e  ad v a n c e d  s ta g e s , i f  i t  has not a l r e a d y  been  c o m p le te d .  In  the  
t h i r d  w o r ld  c o u n tr ie s  the p ro c e s s  has  ju s t  begun.
The m o s t  om inous  im p l ic a t io n  of the L im i t s  to G ro w th  th e s is  
is  p r e c is e ly  th is  w o r ld  p o p u la t io n  s h i f t  f r o m  r u r a l  to u rb a n  o c c u p a ­
t io n s  u n d e r  the p r e s s u r e  o f  the g r e e n  r e v o lu t io n  as w o r ld  te c h n o ­
lo g ic a l  s o c ie ty  re a c h e s  the end o f  its  g r o w t h - o f - e m p lo y m e n t  p h a se .  
W h a t  W o rk e d  d u r in g  the p e r io d  o f the e ig h te e n th  to the tw e n t ie th  
c e n tu r ie s  in  the d e v e lo p e d  c o u n tr ie s  m a y  v e r y  w e l l  not w o r k  in  the
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u n d e rd e v e lo p e d  c o u n tr ie s  in  the la te  tw e n t ie th  and the t w e n t y - f i r s t  
c e n tu r ie s .  T h e s e  m ig r a n ts  w i l l  be caught in  the  double b ind  o f  
a d v a n c in g  a g r i c u l t u r a l  te c h n o lo g y  on the one hand  and a u to m a t in g  
in d u s t r ia l  te c h n o lo g y  on the o th e r ,  and w i l l  be ’ ’c ro w d e d  o u t11 of  
t w e n t y - f i r s t ' c e n t u r y  w o r ld  te c h n o lo g ic a l  s o c ie ty  (c f. G o u le t ,  1971).
W ie n e r ,  w r i t in g  in the 1 9 4 0 ’s fo r e s a w  th is  end r e s u l t  o f the  
second  in d u s t r ia l  r e v o lu t io n ,  but le a d in g  to the A m e r i c a n  u rb a n  
p o o r  and m id d le -m a n a g e m e n t  peo p le  be ing  d e c la r e d  s u rp lu s  to the  
needs o f  a u to m a te d  s o c ie ty .  So f a r ,  m o s t  a d v a n c e d ,  in d u s t r ia l i z e d  
c o u n tr ie s  h a v e  m a n a g e d  to c o u n te ra c t  e c o n o m ic  p r e s s u r e  o f  a 
s h r in k in g  in d u s t r ia l  w o r k  fo rc e  w i th  exp and ing  s e r v ic e s  and s o c ia l  
p r o g r a m s  funded to a l a r g e  ex ten t by s ta te  s u b s id ie s .  A s  r e s o u r c e s  
b e c o m e  m o r e  s c a rc e  c a p ita l  dem an ds  fo r  new  r e s o u rc e s  d e v e lo p ­
m e n t  in te n s i fy .  T h e r e  is a " c ro w d in g  o u t"  o f s e r v ic e s  c a p i ta l ,  i f  
one w is h e s  to use m o n e y  as the  u n it  o f  a n a ly s is  o f  the s o c ia l  s y s ­
t e m ,  and th e r e  is a " c ro w d in g  o u t"  of peo p le  fo r  those w ho  a r e  
c o n c e rn e d  w i th  peo p le  (F o r d  F o u n d a t io n  R e p o r t ,  1 9 7 4 :8 5 ) .
One w a y  o f  v is u a l i z in g  th is  " c ro w d in g  o u t"  e f fe c t  is  to c o n ­
c e p tu a l iz e  w o r ld  p o p u la t io n  as d iv id e d  in to  tw o  g ro u p s .  A s s u m e  
a r b i t r a r i l y  th a t  e ig h t - te n th s  o f  the w o r ld  p o p u la t io n  c o n s is ts  o f an  
id e a l  typ e  c a l le d  the b io lo g ic  p e rs o n .  T h is  g ro u p  is r e p r e s e n t a t iv e  
of r u r a l - t r a d i t i o n a l  and m a r g i n a l - f a r m e r  p o p u la t io n s ,  u n s k i l le d  
-urban p o p u la t io n s ,  and the e c o n o m ic  dependents  o f  a l l  types  w ho  a r e
is o la te d  f r o m  in s t i tu t io n a l  t ie s  w i th  p ro d u c in g  s o c ie ty .  T h is  c a t e ­
g o r y  o f p e rs o n s  is an e c o n o m ic  l i a b i l i t y  in s o fa r  as the e f f ic ie n c y  
and sm ooth  o p e ra t io n  o f  w o r ld  te c h n o lo g ic a l  s o c ie ty  is  c o n c e rn e d .
The second ty p e ,  the te c h n o lo g ic a l  p e rs o n ,  c o n s is ts  o f n e c e s s a r y  
p ro d u c e rs  fo'r w o r ld  te c h n o lo g ic a l  s o c ie ty .  T h is  c la s s  a ls o  in c lu d e s  
dependents  o f  the p r o d u c e r  l in k e d  to h im  by  f a m i l y  t ie s  o r  o th e r  i n ­
s t i tu t io n a l  m e c h a n is m s .  Such a d y c h o to m y  c o n s is ts  o f g ro u p in g s  
by w o r k  r e q u i r e m e n t s  o f  w o r ld  s o c ie ty .
A s s u m e ,  f u r t h e r ,  th a t  the b io lo g ic  p e rs o n  expands a t  a 2% 
g ro w th  r a t e ,  r e f le c t in g  the m e a s u r e  o f  b io lo g ic a l  r e p r o d u c t io n  at  
p r e s e n t  h i s t o r ic a l  g ro w th  r a t e s .  In  c o n t r a s t ,  the te c h n o lo g ic a l  p e r ­
son expands a t  6%, r e f le c t in g  an  a g g re g a te  h i s t o r ic a l  g ro w th  r a te  o f  
c a p ita l  e x p a n s io n  and  thus p o p u la t io n  c o n s u m p tio n  p a t te rn s  o f  p o p u ­
la t io n s  t ie d  in to  te c h n o lo g ic a l  d e v e lo p m e n t .  G ra p h  I I  in d ic a te s  tha t  
by the 3 5th y e a r  f r o m  the base y e a r  the an n u a l c o n s u m p tio n  needs  
of the te c h n o lo g ic a l  p e rs o n  w o u ld  s u rp a s s  those o f  the b io lo g ic  p e r ­
son in  a f in i te  w o r ld  o f r e s o u r c e s .
T h is  g ra p h  suggests  tha t  the o n ly  op tion  open to the w o r ld  
te c h n o lo g ic a l  p e rs o n ,  g iv e n  the fa c t  th a t  it  is s t i l l  c o m m it te d  to the  
id e o lo g y  o f g ro w th ,  is to m a in ta in  its  h is t o r ic  g ro w th  ra te  by f o r c ­
ing a c o n c o m it ta n t  n e g a t iv e  g ro w th  ra te  on the b io lo g ic  p e rs o n .  T h is  
b e c o m e s  the f in a l  s o lu t io n  in  the tw i l ig h t  o f the l i f e  c y c le  of a g r o w t h - 
o r ie n te d  w o r ld  te c h n o lo g ic a l  s o c ie ty .
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The U topians o f e q u i l ib r iu m  e i th e r  see th is  k in d  o f c o n f l ic t  
as in e v i ta b le  o r  do not w is h  to take  the r i s k  o f i ts  o c c u r r e n c e .  T h e y  
s h a re  an e g a l i t a r i a n  and h u m a n is t ic  id e a l is m  th a t  po in ts  to the end  
o f e c o n o m ic  g ro w th  now and im p l ie s  som e k in d  o f r e d is t r ib u t io n  o f  
w o r ld  re s o u rc e s  in  the fu tu re .
The fo l lo w in g  f r o m  M e a d o w s  et a l .  (1 9 7 2 :1 7 8 )  s u m m a r iz e s
th is  p e r s p e c t iv e :
One o f the m o s t  c o m m o n ly  a c c e p te d  m y th s  in  o u r  p r e s e n t  
s o c ie ty  is the p r o m is e  th a t  a c o n t in u a t io n  o f  o u r  p r e s e n t  
p a t te rn s  o f  g ro w th  w i l l  le a d  to h u m a n  e q u a l i ty .  W e  have  
d e m o n s tr a te d  in  v a r io u s  p a r ts  o f  th is  book th a t  p r e s e n t  
p a t te rn s  o f  p o p u la t io n  and  c a p ita l  g ro w th  a r e  a c tu a l ly  i n ­
c r e a s in g  the gap b e tw e e n  the r ic h  and the p o o r  on a w o r l d ­
w id e  b a s is ,  and th a t  the u l t im a t e  r e s u l t  o f  a c o n tin u ed  
a t te m p t  to g ro w  a c c o rd in g  to the p re s e n t  p a t te r n  w i l l  be 
a d is a s t ro u s  c o l la p s e .
Som e f in a l  r e m a r k s  abo ut the w o r ld  m o d e l  a r e  in  o r d e r .  The  
m o d e l  i t s e l f  is no t,  n o r  can  i t  e v e r  be, a m o d e l  o f  to ta l  s o c ie ta l  
r e a l i t y .  The  m o d e l  is  a re s p o n s e  to a q u e s tio n  a s k e d  by the m o d e l ­
l e r .  The  q u e s tio n  is ,  w h a t  is  the r e la t io n s h ip  o f w o r ld  te c h n o lo g ic a l  
s o c ie ty  to its  p h y s ic a l  e n v i r o n m e n t?  The m o d e l  as a s o c ia l  s y s te m  
b e c o m e s  a g lo b a l e n v i r o n m e n ta l  im p a c t  s ta te m e n t .
B e c a u s e  the m o d e l  ask s  a d i f f e r e n t  q u e s tio n  about the r e a l  
w o r ld  th an  the m e n ta l  m o d e ls  o f  g lo b a l  g r o w t h - o r ie n t e d  s o c ie ty  a s k s ,  
i t  p re s e n ts  a t o t a l ly  d i f f e r e n t  and  d is jo in te d  s o c ia l  r e a l i t y .  T h o se  
w h o se  in t e r p r e t a t io n  of w o r ld  r e a l i t y  is l im i t e d  to a n  e c o n o m ic  d e v e l ­
o p m e n t m o d e l  f in d  the L i m i t s  to G ro w th  p e r c e p t io n  u n r e a l  and in c o m -
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p r e h e n s ib le .  Tho se  w ho in s is t  th a t  s o c ia l  s y s te m s  m o d e ls  m u s t  
cop y  the r e a l  w o r ld  f ind  the F o r r e s t e r - M e a d o w s  m o d e l  s im p l is t ic .
To  c i r c u m v e n t  the one w o r ld  m o d e l  fo r m a t  M e s a r o v ic  and P e s t e l
(1974 ) have  d is a g g re g a te d  the m o d e l  into  ten  d is c r e t e  g e o g ra p h ic  
re g io n s .  Th'is g ives  t h e i r  m o d e l  a n  e le m e n t  o f g e o g ra p h ic  r e a l is m  
la c k in g  in  the m o r e  a b s t r a c t  F o r r e s t e r - M e a d o w s  m o d e ls .  Such  
d is a g g re g a t io n  does not n e c e s s a r i l y  m a k e  the m o d e l  ’ ’b e t t e r ” o r  
" m o r e  e x a c t" .  The m o d e l  does a n s w e r  d i f f e r e n t  q u e s t io n s ,  p e rh a p s  
q u e s tio n s  som e c r i t i c s  s e a r c h e d , fo r  in  the F o r r e s t e r - M e a d o w s  
m o d e ls  but d id  not f in d .
T ho se  who b e l ie v e  th a t  e v e n tu a l ly  som e w o r ld  m o d e l ,  can  be 
d e v e lo p e d  to a p p r o x im a te  the r e a l  w o r ld  w i l l  c l a m o r  f o r  new  g e n e r ­
a t io n s  o f m o d e ls ,  each  m o r e  e la b o r a te  and s o p h is t ic a te d  th an  the  
l a s t  - -  and  m o r e  in c o m p r e h e n s ib le .  T h is  is  the w a y  a te c h n o lo g y  is  
supposed  to g r o w ,  even  a te c h n o lo g y  of w o r ld  m o d e l l in g .
Th e  la w  of p a r s im o n y  is a m o r e  v a l id  n o r m  o f  s c ie n c e .  The  
r e a l  w o r ld  i t s e l f  is  d iv id e d  in to  a m u l t i p l i c i t y  o f  d is p a r a te  r e a l i t i e s .  
T h e  p r o b le m  o f  in te g r a t io n  is not one o f m o d e l l in g  tec h n iq u e  but of 
c o m m u n i ty  consensus and c o n f l ic t .
F i n a l l y ,  the g r e a t e s t  d e f ic ie n c y  in  the to ta l  L i m i t s  to G ro w th  
th e s is  c o n s id e re d  as a th e o r y  o f  s o c ia l  change , is its  l a c k  o f u n d e r ­
s tand ing  o f  the s t r a te g y  o f a c c o m p lis h in g  r e a l  w o r ld  in s t i tu t io n a l  
ch a n g es . The  M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  e i t h e r  avo id s  the
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m u n d a n e  p r o b le m s  of p o l i t i c a l  s t r a te g ie s  o r  th in k s  o f  s o c ia l  change  
in  t e r m s  o f  " e n l ig h te n m e n t"  o f  the s c ie n t i f ic  c o m m u n i ty  and  p re s e n t  
r a t io n a l  p la n n e rs .  A s  the a n a ly s is  of e p is te m o lo g y  in  C h a p te r  V  
d is c lo s e d ,  the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  shows a d is t in c t  
te n d e n c y  in  t h e i r  m o d e l  e x p la n a t io n s  to c o n s id e r  r e s o lu t io n s  o f  
p r o b le m s  as r a t io n a l  so lu t io n s  to o b je c t iv e  s o c ia l  s y s te m  s t r u c t u r e  
d e s ig n  r a t h e r  than  as v a lu e  so lu t io n s  to p r o b le m s  in  the w o r ld  of  
b e l i e f  s y s te m s  , a d is t in c t ly  d i f f e r e n t  c u l t u r a l  r e a l i t y .  T h is  c r i t i ­
c is m  is a v a l id  one o f  L i m i t s  to G ro w th  and F o r r e s t e r ' s  U r b a n  D y -
n a m ic s  and  W o r ld  D y n a m ic s . On the  o th e r  h an d  one o f  F o r r e s t e r ' s
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r e c e n t  s ta te m e n ts  suggests  an in c r e a s e d  a w a r e n e s s  o f  the u l t im a t e  
im p o r ta n c e  o f  v a lu e s  in  the d e c is io n  m a k in g  p r o c e s s .  H e  a s s e r ts  
th a t  w o r ld  p o l ic y m a k e r s  cou ld  p r o b a b ly  s u c c e s s fu l ly  f in d  t e c h n o lo g i ­
c a l  so lu t ion s  w h ic h  a l lo w  s u r v iv a l  o f  w o r ld  s o c ie ty  b as ed  on the 
o v e r r id in g  v a lu e  o f  e x p o n e n t ia l  c a p ita l  fo r m a t io n .  The  questions  
F o r r e s t e r  now asks a r e ,  w o u ld  th is  be w is e ?  Is  th is  the  k in d  o f  
s o c ie ty  that fu tu re  g e n e ra t io n s  o f  h u m a n  b e ings  w o u ld  w a n t  to l iv e  
in?
M e s a r o v ic  and P e s t e l  (1 9 7 4 :1 1 )  a rg u e  th a t  p as t  m a jo r  w o r ld  
c r is e s  had:
n e g a t iv e  o r i g i n s : th e y  w e r e  cau sed  by e v i l  in te n tio n s  of
a g g r e s s iv e  r u l e r s  o r  g o v e r n m e n ts ,  o r  by n a t io n a l  d i s ­
a s te r s  r e g a r d e d  as e v i l  a c c o rd in g  to h u m a n  v a lu e s  - -  
p la g u e s ,  f lo o d s ,  e a r th q u a k e s ,  and so on.
T h is  c r i s i s ,  the c r i s is  o f  u n d i f fe r e n t ia te d  w o r ld  g ro w th  as 
th e y  c a l l  i t ,  th e y  c la im  s te m s  f r o m  m a n 's  b e s t  in te n t io n s ,  h is  d e s ir e  
to re d u c e  la b o r  by  e x p lo i t in g  n o n -h u m a n  e n e rg y  s o u rc e s ,  to have  
c h i ld r e n ,  to c o n q u e r  d is e a s e ,  to c o n s tru c t  l a r g e  p r o je c ts  fo r  m a n 's  
b e n e f i t .  I t  is  the " im p o s i t io n  o f m a n 's  d e s ig n  on the n a tu r a l  e n ­
v i r o n m e n t  fo r  m a n 's  own good . m a n 's  w a y  o f  ' ta m in g '
N a tu r e ;  . . . "  th a t  leads  to h is  d o w n fa l l .
To m a n y ,  the " p r o g r e s s "  o f  a d v a n c in g  w o r ld  te c h n o lo g ic a l  
s o c ie ty  has a lw a y s  c a r r i e d  w ith  i t  the seeds o f  i ts  ow n d e s tr u c t io n .
A  r o l l  c a l l  o f  the c r i t i c s  w o u ld  be e n d le s s ,  but w o u ld  s t a r t  w ith  such  
n a m e s  as J. J. R o u s s e a u  and  K a r l  M a r x  and w o u ld  con tinue  th ro u g h  
W ilh e lm  D i l th e y ,  the G e r m a n  h i s t o r i c i s t s , and H e in r ic h  R i c k e r t ,  
the n e o -K a n t ia n .  The m a v e r i c k  t h in k e r ,  O s w a ld  S p e n g le r ,  p r e ­
d ic te d  the e v e n tu a l  d e m is e  o f m a t e r i a l i s t  w o r ld  s o c ie ty .  The p h e n o -  
m e n o lo g is ts  E d m u n d  H u s s a r l  and M a x  S c h e le r  and the l a t t e r  day  
e x is te n t ia l is t s  C a m u s ,  H e id e g g e r  and S a r t r e  d i f f e r e d  w ith  g e n e r a l ly  
h e ld  c o n te m p o r a r y  w o r ld  v ie w s .  In  t e r m s  o f  s o c io lo g y  such w r i t e r s  
as F e r d in a n d  T d n n ie s ,  M a x  W e b e r ,  K a r l  M a n n h e in ,  A lb io n  S m a l l ,  
Jacque E l l u l ,  D a v id  R ie s m a n ,  G e o rg e s  G u r v i t c h  and  A l v i n  G o u ld n e r  
r e p r e s e n t  o n ly  a few of the m a n y  c r i t i c s  o f w h a t  has  b ee n  v a r io u s ly  
c a l le d  g e s e l ls c h a f t ,  u r b a n iz a t io n ,  m a s s  s o c ie ty ,  and  te c h n o lo g ic a l  
s o c ie ty .  Such p o p u la r  c o n te m p o r a r y  w r i t e r s  as F r i t z  P e a r l s ,  P a u l  
G o o d w in , C h a r le s  R e ic h  o r  W a l t e r  R o z a k  m a y  be in c lu d e d  on the l i s t .
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The e n v i r o n m e n ta l is ts  R a c h a e l  C a rs o n ,  P a u l  E r l i c h ,  and  B a r r y  
C o m m o n e r  a ls o  b e a r  m e n t io n .  E a c h  one of these  and  s t i l l  o th e rs  
h a v e  d e v e lo p e d  d is e n c h a n tm e n t  w ith  the h i s t o r ic a l  t h r u s t  o f  w o r ld  
s o c ie ty .  A t  f i r s t  g lan ce  p e rh a p s  the o n ly  q u a l i ty  th a t  p e rs o n s  on 
such a d is p a r a te  l i s t  have  in  c o m m o n  is t h e i r  d is s e n t .
W ie n e r ,  F o r r e s t e r ,  M e a d o w s  and the M . I . T .  s y s te m s  d y ­
n a m ic s  g ro u p  can be d is t in g u is h e d  f r o m  o th e r  d is s e n te r s  in  that  
th e y  a r e  te c h n o lo g ic a l  in s id e r s .  T h e y  a r e  s im u lta n e o u s ly  te c h n o ­
lo g y  d e v e lo p e rs  and c r i t i c s .  T h is  c a p a c i ty  to  a l t e r n a t e  in  each  
r o le  s ig n a ls  a c e r t a in  change in  thought p ro c e s s  s e ld o m  found in  
h i s t o r ic a l  p e r io d s ,  a lth o u g h  G e o rg e s  S o r e l ,  the  n in e te e n th  c e n tu ry  
F r e n c h  s y n d ic a l is t ,  s e e m s  to f i t  the  p a t te r n .  B e fo r e  b e c o m in g  a 
r e v o lu t io n a r y  t h e o r is t ,  he w a s  d i r e c t o r  o f the F r e n c h  n a t io n a l  r a i l -  / 
ro a d  s y s te m  a t  a t im e  w h e n  th is  p o s it io n  w a s  the m o s t  p r e s t ig io u s  
in  F r a n c e  fo r  a m e m b e r  o f  the e n g in e e r in g  p r o fe s s io n .
On c lo s e r  e x a m in a t io n ,  th e r e  a r e  m o r e  s p e c if ic  t ie s  tha t  
b in d  these  d is s id e n ts  to g e th e r .  S o m e w h e re ,  in  each  o f  these  
c r i t i c s ,  th e r e  is a c o m m o n  th e m e  o f  the e v i l  o f  the u n h o ly  u n io n  of  
s c ie n c e ,  te c h n o lo g y  and e c o n o m ic s ,  the d o m in a n t  s o c ia l  in s t i tu t io n s  
o f the c o n te m p o r a r y  w o r ld  s o c ie ty .
E r n e s t  B e c k e r  (1 9 7 1 ) ,  d is c u s s in g  the l i f e  o f  A lb io n  S m a l l ,  
one o f  the fo u n d e rs  o f A m e r i c a n  s o c io lo g y ,  asks  and  a n s w e r s  the  
q u e s tio n  tha t  lead s  to the c o m m o n  th r e a d  in  m u c h  of the c r i t i c i s m
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of p r e s e n t  s o c ie ty .  H e  a s k s ,  how e c o n o m ic s  in  A m e r i c a  b e c a m e  a 
s c ie n c e .  H e  a n s w e rs  th a t  it  o c c u r r e d  because  e c o n o m is ts  p r e s u p ­
posed  an  a b s t r a c t io n ,  ’ ’e c o n o m ic  m a n ” , a c q u is i t iv e ,  s e a rc h in g  fo r  
e v e r  in c r e a s in g  m a t e r i a l  w e a l th ,  m a n ip u la t in g  h is  e n v ir o n m e n t  
w it h  new te c h n o lo g ie s  in  o r d e r  to  a c h ie v e  th a t  w e a l th .  F u r t h e r  
th e y  p o s tu la te d  a s o c ia l  s y s te m  b as ed  on the g oa ls  o f  "e c o n o m ic  
m a n " .  E c o n o m ic s  then  b e c a m e  a s c ie n c e  o f  the te c h n iq u e s  r e q u i r e d  
to m a k e  th is  s o c ia l  s y s te m  w o r k  e f f ic ie n t ly .
In  c o n t r a s t ,  S m a l l  p ro p o s e d  s o c io lo g y  as a s c ie n c e  w h ic h  
b eg an  by  as k in g  the q u e s tio n :  w h a t  is m a n  as a l iv in g  h u m a n  b e in g ?  
S m a l l  r e p l ie d :  l e t  us f in d  out w h a t  and w ho m a n  is ;  th en  w e ,  as
s o c io lo g is ts ,  w i l l  d e v is e  s o c ia l  s y s te m s  to b es t s e r v e  h is  c o n c re te  
n e e d s .
B e c k e r  (1 9 7 1 :8 )  a rg u e s  th a t  w i th  th is  n o t io n , s o c io lo g y  has  
b e c o m e  "the lo s t  s c ie n c e  o f  m a n .  " I t  w as  a f a i lu r e  b ec au se  th e r e  
w a s  no " l iv in g  m a n "  w i th  needs o f  h is  own. In s te a d  m a n  has p ro v e n  
to be a l l  too m a l le a b le ,  a s e r v a n t  o f the s y s te m  r a t h e r  th a n  its  
m a s t e r .
The th e s is  o f  the M .  I .  T .  s y s te m s  d y n a m ic s  g ro u p  and the  
e n v i r o n m e n ta l  m o v e m e n t  as a w h o le  fo r  th a t  m a t t e r ,  is one w h ic h  
p ic k s  up f r o m  a fa i l in g  h u m a n is t ic  s o c io lo g y . C o n c r e te ,  h u m a n is t ic  
m a n  d id  not have  the p o w e r  to d e th ro n e  a b s t r a c t  " e c o n o m ic  m a n " ,  
but the e n v ir o n m e n t  does . T h e i r  th e s is  is tha t p h y s ic a l  la w  w i l l  in
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the end t r iu m p h  o v e r  e c o n o m ic  la w .  B u t w i l l  i t?  The q u e s t io n  is ,  
a t the end of e c o n o m ic  o v e rg ro w th  and c o l la p s e ,  w ho w i l l  s u r v iv e ?
I t  m a y  y e t  be e c o n o m ic  m a n ,  e x is t in g  in  an  e v e r - s h r in k in g  p h y s ic a l  
w e a l th ,  but s t i l l  in  c o n t r o l .
M a rx f ,  in  h is  s t r a te g y  o f s o c ia l  change , c a l le d  fo r  e le v a t in g  
the c o n sc io u sn e ss  of those th a t  in  h is  t im e  had  the p o te n t ia l  to s e iz e  
c o n tr o l  o f  the m e a n s  o f  p ro d u c t io n ,  the w o r k e r s .  In  c o n te m p o r a r y ,  
a u to m a te d  s o c ie ty ,  p ro d u c t io n  w o r k e r s  h a v e  b e c o m e  a p a r t  o f the  
d o m in a n t  p ro d u c t iv e  c la s s .  T h e i r  e v e r y d a y  e x p e r ie n c e  is not one  
of d e p r iv a t io n .  S c ie n t is ts  and te c h n o lo g is ts  m a y  in d e e d  c o n t r o l  the  
o n ly  in s t i tu t io n s  th a t  p lace  th e m  in  p o s it io n s  of p o w e r  and  a t  once  
put th e m  at a r m ’s leng th  f r o m  the id e o lo g y  of th a t  p o w e r  s t r u c t u r e .  
T h e i r  p a r a d ig m s  a l lo w  th e m  to p e r c e iv e  d y n a m ic  o b je c ts ,  long  
ra n g e  te c h n o lo g ic a l  change o v e r  t im e .  M u c h  of the s t r u g g le . going  
on b e tw e e n  the g ro w th  o r ie n ta t io n  and the e q u i l ib r iu m  o r ie n ta t io n  
is  w i t h in  the c o m m u n i ty  o f  sc ie n c e  and tech n o lo g y .
I f  th e r e  is a s p e c ia l  in s ig h t  to be g a in e d  f r o m  th is  p a p e r  on  
how m e m b e r s  o f s c ie n t i f ic  e p is te m ic  c o m m u n it ie s  c o n c o m ita n t ly  
d e v e lo p  and t h e o r iz e  about s o c ia l  s y s te m s  that a f fe c t  t h e i r  p e r s o n a l  
l i v e s ,  and t h e i r  g ro u p  fa te ,  i t  is ju s t  th a t .  I t  is not t h e i r  r a t io n a l  
th e o r ie s  th a t  h o ld  th e m  to g e th e r  but r a t h e r  t h e i r  c o m m o n  set of  
v a lu e s  and t h e i r  p a r t i c u la r  w a y  o f  p e r c e iv in g  the  w o r ld  th ro u g h  t h e i r  
p a r a d ig m s .  T h o se  ig n o ra n t  o f the c o m m u n a l  n a tu r e  o f s c ie n c e  f a l l
in to  the te c h n o lo g ic a l  t r a p  o f s e a rc h in g  fo r  e v e r - i n c r e a s in g  s o p h is ­
t ic a t io n  o f t h e o r e t ic a l  p o s it io n .  The c o m p e t i t io n  o f such a s e a rc h  
f ra g m e n ts  the s c ie n t i f ic  c o m m u n i ty  and  m a k e s  i t  e a s y  p r e y  to those  
w ho e x p lo i t  s c ie n c e  and te c h n o lo g y  to  p la y  the r o le  of s e r v a n t  to 
te c h n o lo g ic a l  s o c ie ty .
M a r t in d a le  (1 9 6 0 :5 4 1 )  has o b s e rv e d  th a t  s o c ia l  th e o r is ts
u s u a l ly  a p p ro a c h  th e o r y
. . . in  t e r m s  o f the d is t in c t iv e  fe a tu r e s  o f the t h e o r y  
r a t h e r  th a n  f r o m  the s tan d p o in t  o f  the h u m b le  p la t fo r m  
o f b a s ic  a g r e e m e n t .
The s c ie n t i f ic  c o m m u n i ty  i t s e l f  should  and m u s t  th in k  in  
t e r m s  of im p e r a t i v e  sen ten ces  as w e l l  as d e s c r ip t iv e  ones. T h is  
m o d e  o f  e x p re s s io n  has its  ow n t ru th  v a lu e .  F o l lo w in g  M e s a r o v ic  
and  P e s t e l ,  the  goal o f  fu n c t io n a l  in te rd e p e n d e n c e  and o rg a n ic  
g ro w th  as opposed to u n d i f fe r e n t ia te d  g ro w th  m ig h t  bes t and f i r s t  
a p p ly  to the c o m m u n i ty  o f s c ie n c e  and te c h n o lo g y  i t s e l f .
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W ie n e r ,  N o r b e r t
1959 The T e m p t e r .  N e w  Y o r k :  R a n d o m  H o u s e .
1964 E x - P r o d i g y :  M y  C h ild h o o d  and Y o u th . C a m b r id g e :  
The M .  I .  T .  P r e s s .
1965 C y b e r n e t ic s :  O r  C o n t r o l  and C o m m u n ic a t io n  in  the
A n im a l  and the M a c h in e .  C a m b r id g e :  T h e  M . I .  T .
P r e s s .
1967 The  H u m a n  Use o f H u m a n  B e in g s .  N e w  Y o r k :  A v o n  
B o o k s .
W r ig h t ,  R ic h a r d  D .
197 1 "A n  i n d u s i t r i a l  d y n a m ic s  im p le m e n ta t io n :  G r o w th
s t r a te g ie s  fo r  a t ru c k in g  f i r m .  " S loan  M a n a g e m e n t  
R e v ie w  13 ( F a l l ) : 7  1 -8 6  .
S-ection 4 . - R e v ie w  of L i m i t s  to G ro w th  o r  S y s te m s  D y n a m ic s
Used in  C i ta t io n s
B e l l ,  D a n ie l
1973 The C o m in g  o f P o s t - I n d u s t r i a l  S o c ie ty .  N e w  Y o r k :
B a s ic  B o o ks .
B o yd , R o b e r t
1972 " W o r ld  m o d e l:  M a l th u s ia n s  vs. te c h n o lo g ic a l  o p t im is ts .  
S c ien ce  177 (A u g u s t ) :516 -5 1 9 .
C o le ,  H .  S. D .
1973(a) " T h e  s t r u c tu r e  o f w o r ld  m o d e ls .  " P p .  1 4 -3 2 ,  in  H .  S.
D .  C o le ,  et a l .  , M o d e ls  o f D o o m . N e w  Y o r k :  U n iv e r s e ,
1973(b) "A n  e v a lu a t io n  o f  the w o r ld  m o d e ls .  " P p . 1 0 8 -1 3 4 ,  in  
H . S . D .  C o le  et a l .  , M o d e ls  o f D o o m . N e w  Y o r k :  U n i ­
v e r s e .
C o le ,  H .  S. D .  , C h r is to p h e r  F r e e m a n ,  M a r i e  Jah o d a , and K .  L .  R .  
P a v i t t  ( e d s . )
1973 M o d e ls  o f  D o o m : A  C r i t iq u e  of L i m i t s  to G r o w th ,  w i th  
a r e p ly  by the A u th o r s  of L i m i t s  to G ro w th .  N e w  Y o r k :  
U n iv e  r  s e .
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F r e e m a n ,  C h r is t o p h e r
1973 " M a lth u s  w ith  a c o m p u te r .  " P p .  5 - 1 3 ,  in  H .  S. D .
C o le  et a l .  , M o d e ls  o f  D o o m . N e w  Y o r k :  U n iv e r s e .
H e i l b r o n e r ,  R o b e r t  L .
1972 " G ro w th  o r  s u r v iv a l .  11 F o r e ig n  A f f a i r s  51 (O c to b e r ) :  
1 3 9 -1 5 3 .
K a y s e n ,  C a r l
1972 " T h e  c o m p u te r  that p r in te d  out 'W O L F ' .  ” F o r e ig n  
A f f a i r s  50 ( Ju ly ) :6 6 0 -6 6 8 .
K n o p p e rs ,  A .  T .
1972 "A  c r i t iq u e  o f The  L i m i t s  to G ro w th .  " A  p a p e r  d i s t r i ­
bu ted  by the U n ite d  S ta tes  C o u n c i l  o f the In t e r n a t io n a l  
C h a m b e r  of C o m m e r c e ,  In c .  (M a y ) .
L a s z lo ,  E r v i n  (ed. )
1973 The W o r ld  S ys ten . N e w  Y o r k :  G e o rg e  B r a z i l l e r .
L in s to n e ,  H a r o ld
1974 " P la n n in g :  P lo y  o r  t o o l ? "  I E E E  S p e c tru m  11 ( A p r i l ) :  
4 2 - 4 9 .
M e a d ,  M a r g a r e t
1973 M o d e ls  and  s y s te m s  a n a ly s is  as m e t a - c o m m u n ic a t io n .
P p .  2 1 - 2 8 ,  in  E r v i n  L a s z lo . ,  The W o r ld  S y s te m . N e w  
Y o r k :  G e o rg e  B r a z i l l e r .
O e r le m a n s ,  T . W . ,  M .  M .  J. T e l l in g s ,  and  H .  D e V r ie s
1972 " W o r ld  d y n a m ic s :  S o c ia l  fe e d b a c k  m a y  g ive  hope fo r  
the fu tu re .  " N a tu r e  238 (A ugust)  :2 5 1 -2  55.
O l t m a n s , W i l l e m  L .  (ed. )
1974 On G ro w th :  The  C r i s i s  of E x p lo d in g  P o p u la t io n  and
R e s o u rc e  D e p le t io n .  N e w  Y o r k :  P u tn a m .
S im m o h s ,  H a r v e y
1973 "S y s te m s  d y n a m ic s  and te c h n o c r a c y .  " P p .  1 9 2 -2 0 8 ,  in  
H .  S. D .  C o le  e t  a l .  , M o d e ls  o f D o o m . N e w  Y o r k :  
U n iv e r s e .
S in c la i r ,  T .  C .
I 973 " E n v i r o n m e n t a l is m .  " P p .  1 7 5 -1 9 1 ,  in  H .  S. D .  C o le
et a l .  , M o d e ls  o f  D o o m . N e w  Y o r k :  U n iv e r s e .
S k o l im o w s k i ,  H e n r y k
1973 "T h e  tw i l ig h t  o f  p h y s ic a l  s y s t e m s . " P p .  9 7 - 1 1 8 ,  in
E r v i n  L a s z lo ,  T h e  W o r ld  S y s te m .  N e w  Y o r k :  G e o rg e
B r a z i l l e r .
U . S .  D e p a r tm e n t  o f H e a l th ,  E d u c a t io n  and  W e l f a r e
1973 " T h e  Im p l ic a t io n s  o f G o v e r n m e n t  A c t io n  of 'T h e  L i m i t s
to G r o w t h ' . "  W a s h in g to n , .  D . C . : H . E . W .  P u b l ic a t io n .
W i ls o n ,  A l b e r t
1973 " T h e  r e q u i r e m e n t  fo r  a new e p is te m o lo g y . " P p .  1 2 1 -
140, in  E r v i n  L a s z lo ,  The W o r ld  S y s te m .  N e w  Y o r k :  
G e o rg e  B r a z i l l e r .  #
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S e c tio n  5 -  A r t i c l e s  in  T e c h n ic a l  o u rn a ls  on S y s te m s  
D y n a m ic s  M o d e l l in g
B a b c o c k ,  D .  L .
1972 " A s s u m p tio n s  in  F o r r e s t e r ' s  U r b a n  D y n a m ic s  M o d e l  
and  t h e i r  im p l ic a t io n s .  In s t i tu te  o f  E l e c t r i c a l  and  
E le c t r o n ic s  E n g in e e r s  T r a n s a c t io n s  on S y s te m s ,  M a n  
and C y b e r n e t ic s  2 ( A p r i l ) : 1 4 4 -1 4 9 .
B e lk in ,  J.
1972 " U r b a n  d y n a m ic s :  A p p l ic a t io n s  as a te a c h in g  to o l  and  
as an  u rb a n  g a m e .  " In s t i tu te  o f  E l e c t r i c a l  and  E l e c ­
t r o n ic s  E n g in e e r s  T r a n s a c t io n s  on S y s te m s ,  M a n  and  
C y b e r n e t ic s  2 ( A p r i l ) : 166 -  169.
B u r d e k in ,  B . and S. A .  M a r s h a l l
1972 " T h e  use o f F o r r e s t e r ' s  s y s te m s  d y n a m ic s  a p p ro a c h  
in  u rb a n  m o d e l l in g .  " E n v i r o n m e n t  and p la n n in g ,  4.
G a r n ,  H .  A .  and  R .  H .  W i ls o n
1972 "A  lo o k  a t  u rb a n  d y n a m ic s :  The  F o r r e s t e r  m o d e l  and
p u b lic  p o l ic y .  " In s t i tu te  o f  E l e c t r i c a l  and  E le c t r o n ic s  
E n g in e e r s  T r a n s a c t io n s  on S y s te m s ,  M a n  and C y b e r ­
n e t ic s  2 (A p r  i l ) : 150 -  15 5.
G ib s o n ,  J. E .
1972 "A  p h i lo s o p h y  fo r  u r b a n  s im u la t io n s .  " In s t i tu te  o f
E l e c t r i c a l  and E le c t r o n ic s  E n g in e e r s  T r a n s a c t io n s  on 
S y s te m s ,  M a n  and C y b e r n e t ic s  2 ( A p r i l ) : 12 9 -  13 9.
G r a h a m ,  A .  K .
1972 " M o d e l in g  c i t y -s u b u r b  in te r a c t io n s .  " In s t i tu te  o f
E l e c t r i c a l  and E l e c t r o n ic s  E n g in e e r s  T r a n s a c t io n s  on 
S y s te m s ,  M a n  and C y b e r n e t ic s  2 ( A p r i l ) : 156 -  158.
G r a y ,  J. N .  e t  a l .
1972 "A  c r i t iq u e  o f  F o r r e s t e r ' s  m o d e l  o f  an  u r b a n  a r e a .  " 
In s t i tu te  o f  E l e c t r i c a l  and E le c t r o n ic s  E n g in e e r s  
T r a n s a c t io n s  on S y s te m s ,  M a n  and C y b e r n e t ic s  2 
( A p r i l ) :  13 9 -1 4 4 .
G r ig g ,  N e i l  S. and  M a u r ic e  C . B r y s o n
197 5 " In te r a c t iv e  s im u la t io n  fo r  w a t e r  s y s te m  d y n a m ic s .  " 
A . S . C . E .  J o u rn a l  o f the  U r b a n  P la n n in g  and D e v e l o p ­
m e n t  D iv is io n  101 ( M a y ) : 7 7 - 9 2 .
K a d a n o f f ,  L .  P .
1971 " F r o m  s im u la t io n  m o d e l  to p u b lic  p o l ic y :  A n  e x a m in a ­
t io n  o f  F o r r e s t e r ' s  u r b a n  d y n a m ic s .  " S im u la t io n  16 
(June) :26 1 - 268 .
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j, P .  and H .  W e in b la t t
’’P u b l ic  p o l ic y  co n c lu s io n s  f r o m  u rb a n  g ro w th  m o d e ls .  " 
In s t i tu te  o f E l e c t r i c a l  and  E le c t r o n ic s  E n g in e e r s  T r a n s ­
a c t io n s  on S y s te m s ,  M a n  and C y b e r n e t ic s  2 ( A p r i l ) :  
1 5 9 -1 6 5 .
" A  c o m p u te r  v e r s io n  o f how a c i ty  w o r k s .  M F o r tu n e  
( N o v e m b e r )  :241 -2 4 2 .
’’M o d e ls  o f  p o p u la t io n  m o v e m e n t  and  u rb a n  p o l ic y .  ” 
In s t i tu te  o f E l e c t r i c a l  and  E le c t r o n ic s  E n g in e e r s  T r a n s ­
a c t io n s  on S y s te m s ,  M a n  and C y b e r n e t ic s  2 ( A p r i l ) :  
1 9 1 -1 9 6 .
R .  and E .  J. H e n le y
’’A p p l ic a t io n  of the F o r r e s t e r  m o d e l  to  H a r r i s  C o u n ty ,  
T e x a s .  " In s t i tu te  of E l e c t r i c a l  and  E le c t r o n ic s  E n g in ­
e e r s  T r a n s a c t io n s  on S y s te m s ,  M a n  and C y b e r n e t ic s  
2 ( A p r i l ) : 180 -1 9 1 .
, J . M .  e t  a l .
" R e g u la t io n  and c o n tr o l  o f u r b a n  e n v ir o n m e n t :  A  m u l t i ­
l e v e l  a p p ro a c h .  ” In s t i tu te  o f E l e c t r i c a l  and E le c t r o n ic s  
E n g in e e r s  T r a n s a c t io n s  on S y s te m s ,  M a n  and C y b e r ­
n e t ic s  2 ( A p r i l ) : 173 -  180.
S.
" R e f in in g  the U r b a n  D y n a m ic s  m o d e l :  A n  a p p ro a c h  t o ­
w a r d  im p r o v in g  the s p e c i f ic a t io n  o f c i ty  g o a ls .  " I n s t i ­
tu te  o f  E l e c t r i c a l  and E le c t r o n ic s  E n g in e e r s  T r a n s a c ­
t io n s  on S y s te m s ,  M a n  and C y b e r n e t ic s  2 ( A p r i l ) :  1 9 6 -
2 0 0 .
W . W .
"S y s te m  d y n a m ic s :  A  unique to o l fo r  a n a ly z in g  d a t a - 
d e f ic ie n t  s o c ia l  s y s te m s .  " In s t i tu te  o f  E l e c t r i c a l  and  
E l e c t r o n ic s  E n g in e e r s  T r a n s a c t io n s  on S y s te m s ,  M a n  
and  C y b e r n e t ic s  2 ( A p r i l )  :2 17 -2 2 0 .
C .
" T h e  e f fe c t  o f  m e t r o p o l i t a n  p o l i t i c a l  f r a g m e n ta t io n  on 
c e n t r a l  c i t i e s "  in ,  M o d e ls  o f U r b a n  S t r u c t u r e ,  D .  C .  
S w e e t ,  (ed ). L e x in g to n :  D .  C .  H e a th  and Co.
L
" U r b a n  d y n a m ic s :  A  c r i t i c a l  e x a m in a t io n .  " P o l i c y  
S c ie n c e  1 ( F a l l )  : 3 7 7 -3 8 3  .
. H .
" U r b a n  d y n a m ic s  and  p u b lic  p o l ic y .  " In s t i tu te  of E l e c ­
t r i c a l  and  E le c t r o n ic s  E n g in e e r s  T r a n s a c t io n s  S y s te m s ,  
M a n  and C y b e r n e t ic s  2 ( A p r i l ) : 170 -  173 .
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S e c tio n  6 -  O th e r  R e le v a n t  W o rk s
A c k o f f ,  R u s s e l l  L .  and  F r e d  E .  E m e ry -
1972 On P u r p o s e f u l  S y s te m s .  C h ic a g o :  A ld in e  P u b l is h in g .
B a ie r ,  K u r t
1969 ,1W h a t  is  v a lu e ?  A n  a n a ly s is  o f the  co n cep t.  " P p . 3 3 -
67 , in  K u r t  B a ie r  and N ic h o la s  R e s c h e r ,  V a lu e s  and the  
F u t u r e .  N e w  Y o r k :  The F r e e  P r e s s .
B a r n e t t ,  H a r o ld  J. and C h a n d le r  M o r s e
1963 S c arc ity -  and G ro w th :  The E c o n o m ic s  o f  N a t u r a l  R e ­
s o u rc e  A v a i l a b i l i t y .  B a l t im o r e :  Johns H o p k in s .
B r u n e r ,  J e r o m e  S. , J a c q u e l in e  G o o d m a n , and  G e o rg e  A .  A u s t in  
1956 A  S tudy  in  T h in k in g .  N ew  Y o r k :  John W i le y .
C o m m o n e r ,  B a r r y
1971 The  C lo s in g  C i r c l e :  N a tu r e  M a n  and T e c h n o lo g y .  N e w
Y o r k :  B a n ta m
C r i t c h f i e l d ,  R ic h a r d
1971 " I t 's  a r e v o lu t io n  a l l  r ig h t .  " N e w  Y o r k :  A l i c i a  P a t t e r ­
son F u n d  P a p e r .
D e c h e r t ,  C h a r le s  R . (ed . )
1966 S o c ia l  Im p a c t  o f  C y b e r n e t ic s .  South B end: N o t r e  D a m e
U n iv e r s i t y  P r e s s .
F o e r s t e r ,  H e in z  von e t a l .  ( e d s . )
1968 P u rp o s iv e  S y s te m s :  P r o c e e d in g s  o f  the F i r s t  A n n u a l
S y m p o s iu m  of the A m e r i c a n  S o c ie ty  fo r  C y b e r n e t ic s .
N e w  Y o r k :  S p a r ta n .
F o r d  F o u n d a t io n
1974 A  T im e  to C h o o se: A m e r i c a 's  E n e r g y  F u t u r e ,  F i n a l
R e p o r t  b y  the E n e r g y  P o l i c y  P r o j e c t  of the F o r d  F o u n d a ­
t io n .  C a m b r id g e :  B a l l in g e r .
F r a n k ,  G e o rg e
I9 6 0  A u to m a t io n ,  C y b e r n e t ic s  and  S o c ie ty .  London: L .  H i l l .
F u c h s ,  W a l t e r  R .
1971 C y b e r n e t ic s  fo r  the M o d e r n  M in d ,  t r a n s la t e d  by K .
K e l l n e r .  N e w  Y o r k :  M a c m i l l a n .
G o ld s m ith ,  E d w a r d  (ed. )
1972 A  B lu e p r in t  f o r  S u r v iv a l .  B o s to n : H o u g h t o n - M i f f l in .
G o o d e , W i l l i a m  J. and  P a u l  K .  H a t t
1952 M e th o d s  in  S o c ia l  R e s e a r c h .  N e w  Y o r k :  M c G r a w - H i l l .
H a l l ,  A r t h u r  D . and  R .  E .  F a g e n
1956 " D e f in i t io n  o f S y s te m s "  G e n e r a l  S y s te m s  Y e a r  B o o k  1:
1 8 -2 8 .
H a r d in ,  G a r r e t t
1968 " T h e  t r a g e d y  o f the  c o m m o n s .  " S c ie n c e  162 (D e c e m b e r ) :  
1 2 4 3 -1 2 4 8 .
2 4 4
H o s e l i t z ,  B e r t  F .  (ed. )
I9 6 0  T h e o r ie s  o f  E c o n o m ic  G ro w th .  N e w  Y o rk : -  The  F r e e  
P r e s  s .
K a h n ,  H e r m a n  and A n th o n y  J. W ie n e r
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N e x t  T h i r t y - t h r e e  Y e a r s .  N e w  Y o r k :  M a c m i l l a n .
K a h n ,  H e r m a n  and B. B r u c e  B r ig g s
1972 T h in g s  to C o m e :  T h in k in g  about the 7 0 's  and  8 O's.
N e w  Y o r k :  M a c m i l l a n .
L a y a r d ,  R ic h a r d  (ed. )
1972 C o s t - B e n e f i t  A n a l y s i s . M id d le s e x :  P e n g u in .
M a s s a c h u s e t ts  In s t i tu te  o f  T e c h n o lo g y
1972 The M a s t e r s  P r o g r a m :  A l f r e d  P .  S loan  S chool o f  M a n ­
a g e m e n t .  C a m b r id g e :  The M .  I .  T .  P r e s s .
1974 The  M .  I .  T .  B u l le t in .  C a m b r id g e :  Th e  M .  I .  T .  P r e s s .
M a c  C o l l , L .  A .
1946 F u n d a m e n ta l  T h e o r y  o f S e r v o -m e c h a n is m s  . N e w  Y o r k :  
V a n  N o s t r a n d .
M e i e r ,  G e r a ld  M .  and R o b e r t  E .  B a ld w in
1966 E c o n o m ic  D e v e lo p m e n t :  T h e o r y ,  H i s t o r y ,  P o l ic y .  N ew
Y o r k :  John W i le y .
M is h a n ,  E .  J.
1970 T e c h n o lo g y  and G ro w th :  The P r i c e  W e P a y .  N e w  Y o r k :
P r a e g e r .
N is k a n a n ,  W i l l i a m  A .  et a l .
1972 B e n e f i t - C o s t  and  P o l i c y  A n a l y s i s . C h ic a g o :  A ld in e .
R a m o ,  S im o n
1973 The S y s te m s  A p p r o a c h .  P p .  1 3 -3 2 ,  in  R a lp h  F .  M i l e s ,
J r .  , S y s te m s  C o n c e p ts .  N e w  Y o r k :  John W i le y .
R ose  , J. (ed. )
1968 S u r v e y  o f  C y b e r n e t ic s :  A  T r ib u te  to D r .  N o r b e r t  
W ie n e r .  L o n d o n : I l i f f .
R u s s e l l ,  B e r t r a n d
1945 A  H i s t o r y  o f  W e s t e r n  P h i lo s o p h y .  N e w  Y o r k :  S im o n
and  S c h u s te r .
Sen, S. R .
1969 M o d e r n iz in g  In d ia n  A g r i c u l t u r e . V o l .  1, E x p e r t  C o m ­
m it t e e  on A s s e s s m e n t  and E v a lu a t io n .  N e w  D e lh i :  
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